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F.  Biology— C.  E.  Bessey  of  Ames,  Iowa. 

G.  Histology  and  Microscopy— Romyn  Hitchcock  of  Washington. 
H.  Anthroi>olog;y— G.  H.  Perkins  of  Burlington. 

I.   Economic  Science  and  Statistics— C.  W.  Smiley  of  Washington. 

TBEASUBEB. 

William  Lilly  of  Mauch  Chunk. 
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MEMBERS    OF    THE    STANDING    COMMITTEE 


FOR  THE 
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Past  Presidents.— James  D.  Dana  of  New  Haven;  Jambs  Hall  of 
Albany ;  Isaac  Lea  of  Philadelphia ;  F.  A.  P.  Barnard  of  New  York ; 
J.  S.  Nbwbbrrt  of  New  York ;  B.  A.  Gould  of  Cambridge ;  T.  Sterrt 
Hunt  of  Montreal ;  Asa  Gray  of  Cambridge ;  Josrph  Lovkring  of 
Cambridge ;  J.  £.  Hilgard  of  Washington ;  Simon  Newcomb  of  Washing- 
ton ;  O.  C.  Marsh  of  New  Haven ;  George  F.  Barker  of  Philadelphia ; 
George  J.  Brush  of  New  Haven;  J  W.  Dawson  of  Montreal;  C.  A. 
Young  of  Princeton. 

Vice  Presidents  of  the  Last  Meeting.-^W .  A.  KoGERSof  Cambridge ;  H.  A. 
RowL-\ND  of  Baltimore ;  Edward  W.  Morley  of  Cleveland ;  Db  Volson 
Wood  of  Hoboken ;  C.  H.  Hitchcogk  of  Hanover ;  W.  J.  Beal  of  Lansing ; 
J.  D.  Cox  of  Cincinnati ;  O.  T.  Mason  of  Washington;  F.  B.  Hough  of 
Lowville. 

Officers  of  the  Present  Meeting. — J.  P.  Lesley  of  Philadelphia ;  H.  T. 
Eddy  of  Cincinnati;  John  Trowbridob  of  Cambridge;  John  W. 
Langlby  of  Ann  Arbor;  R.  H.  Thurston  of  Hoboken;  N.  H.  Win- 
chbll  of  Minneapolis ;  E.  D.  Cope  of  Philadelphia ;  T.  G.  Wormlby 
of  Philadelphia;  E.  S.  Morsb  of  Salem;  John  Eaton  of  Washington; 
F.  W.  Putnam  of  Cambridge ;  Alfrrd  Springer  of  Cincinnati ;  Charles 
S.  MiNOT  of  Boston;  G.  W.  Hough  of  Chicago;  N.  D.  C.  Hodges 
of  Salem;  Henry  Carmichabl  of  Brunswick;  J.  Burkitt  Webb  of 
Ithaca;  EuGBNB  A.  Smfth  of  Tuscaloosa;  C.  £.  Bessby  of  Ames; 
RoMYN  Hitchcock  of  New  York;  G.  H.  Prrkins  of  Burlington;  C. 
W.  Smilby  of  Washington ;  Wiluam  Lilly  of  Mauch  Chunk. 

From  the  Association  at  Large.— Wiiaa.km  Harknkss  of  Washington;  T. 
C.  Mendbnhall  of  Columbus ;  W.  R.  Nichols  of  Boston ;  George  Ma- 
CLOSKiE  of  Princeton ;  W.  H.  Walmslby  of  Philadelphia ;  P.  R.  Hoy  of 
Racine ;  E.  B.  Elliott  of  Washington. 
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LOCAL  COMMITTEE 

FOR  THE  PHILADELPHIA  MEETING. 

Pretidenij  Hon.  John  Wblsh. 

Vice-Pretidentt, 

Isaac  Lba,  LL.  D.,      Wm.  Pbppbb,  M.  D.,  LL.  D.,      Pbof.  Joseph  liiBiDY,  M.  D., 
Wh.  Sellbrs,  Esq.  Edward  T.  Steel,  Esq. 

Secr^aries, 
Prof.  H.  Garvill  Lewis,  Edw.  J.  Nolan,  M.  D. 

Treasurer^  A.  J.  Drbxbl,  Esq. 

GENERAL  LOCAL  COMMITTEE. 

Miss  Helen  C.  deS.  Abbott,  Mr.  John  S.  Alexander,  Dr.  Harrison  Allen,  Mr.  Chas.  A. 
Ashburner,  Mrs.  Richard  L.  Ashhnrst,  Mr.  John  R.  Baker,  Miss  Elise  Willing  Balcb, 
Prof.  Geo.  F.  Bariier,  Mrs.  Geo.  F.  Barker,  Mr.  Wharton  Barker,  Dr.  Roberts  Bartholow, 
Mr.  Alexander  Biddle,  Mr.  A.  Sidney  Biddle,  Mr.  Jacob  Binder,  Mr.  F.  M.  Bissel,  Rev. 
Geo.  D.  Boardman,  D.  D.,  Dr.  Rachel  L.  Bodley,  Hon.  Geo.  H.  Boker,  Dr.  D.  G.  Brin- 
ton,  Mr.  Wm.  Brockie,  Mr.  J.  C.  Brooks,  Mr.  Alexander  Brown,  Mr.  A.  J.  Cassatt, 
Mrs.  Marine  J.  Chase,  Prof.  Pliny  E.  Chase,  Mrs.  Pliny  E.  Chase,  Prof.  Thos.  Chase, 
Mr.  Samuel  Chew,  Mrs.  Sam nel  Chew,  Mr.  Geo.  W.  Childs,  Mr.  James  L.  Claghom,  Mr. 
Clarence  H.  Clark,  Mrs.  Clarence  H.  Clark,  Mrs.  Edw.  H.  Coates,  Mr.  Thomas  Cochran, 
Prof.  Edw.  D.  Cope,  Mrs.  Edw.  D.  Cope,  Mr.  Robt.  li.  Corson,  Mrs.  Robt.  R.  Corson, 
Mr.  Geo.  K.  Crozer,  Mrs.  Geo.  K.  Crozer,  Mr.  Francis  A.  Cunningham,  Mr.  Samuel  Dick- 
son, Mr.  Hamilton  Disston,  Mr.  Thomas  Dolan,  Mr.  A.  J.  Drexel,  Col.  Frank  M.  Etting, 
Mr.  J.  E.  Fnrnum,  Mr.  John  Fernie,  Prof.  A.  H.  Fetterolf,  Mr.  E.  H.  Filler,  Dr.  A.  £. 
Foote,  Mr.  Albert  Foster,  Mr.  W.  H.  Frailey,Mr.  Frederick  Fraley,  Dr.  Persifor  Frazer, 
Mrs.  Persifor  Frazer,  Mr.  W.  W.  Fnuier,  Mr.  Horace  Howard  Furness,  Mr.  Philip  C. 
Garrett,  Prof.  F.  A.  Genth,  Mr.  Henry  C.  Gibson,  Mr.  F.  B.  Gowen,  Mr.  Frederic 
Graff,  Mr.  Simon  Gratz,  Mr.  C.  A.  Griscom,  Mrs.  J.  L.  Hallo  well,  Mr.  M.  P.  Handy, 
Mr.  Goo.  Harding,  Mr.  W.  W.  Harding,  Hun.  J.  I.  Clark  Hare,  Mr.  J.  Campbell  Harris, 
Mrs.  AlA-ed  C.  Harrison,  Mr.  A.  W.  Harrison,  Mr.  Chas.  C.  Harrison,  Mr.  Thomas  S. 
Harrison,  Prof.  L.  M.  Huupt,  Prof.  F.  V.  Hayden,  Dr.  1.  Minis  Hays,  Prof.  Angeio 
Heilprin,  Mr.  Rudolph  Hering,  Mr.  Thos.  Hockley,  Dr.  Geo.  H.  Horn,  Prof.  Edwin  J. 

Houston,  Mr.  Sam'l  B.  Huey,  Gen.  H.  S.  Hoidekoper,  Mi's.  Wm.  Hunt,  Miss  Agnes 
Irwin,  Prof.  Edmund  J.  James,  Mr.  Wm.  W.  Justice,  Mrs.  W.  W.  Justice,  Mr.  Geo. 

DeB.  Keim,  Prof.  E.  O.  Kendall,  Rev.  Wm.  Kieran,  D.  D.,  Hon.  Sam'l  G.  King,  Mr.  B. 

Andi-ews  Knight,  Mr.  Edward  C.  Knight,  Mr.  Geo.  D.  Krumbhaar,  Dr.  Isaac  Lea,  Dr. 

Joseph  Leidy,  Mrs.  Joseph  LeiJy,  Prof.  J.  P.  Lesley,  Mrs.  J.  P.  Lesley,  Mr.  Edw.  M. 

Lewis,  Mr.  Enoch  Lewis,  Mr.  Henry  Lewis,  Prof.  H.  Carvill  Lewis,  Mrs.  H.  Carviil 

Lewis,  Hon.  Wm.  H.  Lex,  Mr.  J.  B.  Lippincott,  Mr.  J.  Dundas  Lippincott,  Mrs.  J. 

Dundas  Lippincott,  Mr.  James  Maualister,  Mrs.  G.  A.  McCall,  Rev.  H.  C.  McCook, 

D.  D.,  Rev.  J.  S.  Mac  Intosh,  D.  D.,  Mr.  Wm.  V.  McKean,  Dr.  Geo.  I.  McLeod,  Hon. 

Wayne  MacVeagb,  Mrs.  Wayne  MacVeagh,  Rev.  W.  N.  McVickar,  D.  D.,  Pres't  Edw. 

H.  MaglU,  Prof.  Thos.  Meehan,  Mr.  J.  Vaughan  Merrick,  Mr.  John  H.  Michener,  Mr. 

Merle  Middleton,  Mr.  J.  E.  Mitchell,  Mr.  John  T.  Morris,  Mr.  D.  S.  Newhall,  Dr.  Edw. 

J.  Nolan,  Mr.  Alexander  £.  Outerbridge,  jr..  Miss  Eleanor  Patterson,  Prof.  C.  N. 

Peirce,  Mr.  Joseph  Pennell,  Dr.  Wm.  Pepper,  Mrs.  Wm.  Pepper,  Mr.  C.  P.  Perot,  Mr. 

Wm.  J.  Philips,  Mr.  Heni-y  Phillips,  jr.,  Mr.  More  Phillips,  Mr.  Franklin  Piatt,  Mr.  J. 

Sergeant  Price,  Mr.  Theo.  D.  Rand,  Mr.  John  H.  Redfleld,  Prof.  Geo.  I.  Rich^,  Mrs. 

Fahinan  Rogers,  Mr.  £.  A.  Rollins,  Dr.  W.  8.  W.  Ruschenbei-ger,  Prof.  S.  P.  Sadtler. 

Dr.  Carl  Seller,  Mr.  Coleman  Sellers,  Mr.  John  Sellers,  Mr.  Wm.  Sellers,  Mr.  John 

Shallcross,  Mr.  S.  R.  Shipley,  Mr.  Thomas  Simpson,  Mr:  J.  C.  Sims,  Jr.,  Mr.  Aubrey 
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H.  Smitb,  Mr.  Lloyd  P.  Smith,  Hon.  Wm.  B.  Smith,  Col.  A.  London  Snowden,  Prof. 
M.  B.  Snyder,  Mr.  £dw.  T.  Steel,  Bt.  Bev.  Wm.  Bacon  Stevens,  D.  D^  Mrs.  Cornelius 
Stevenson,  Mr.  Frederic  D.  Stone,  Mr.  J.  C.  Strawbridge,  Mrs.  J.  C.  Strmwbridge,  Mr. 
Wm.  P.  Tatliam,  Mr.  G.  Morrison  Taylor,  Mr.  Frank  Thomson,  Mrs.  Frank  Thomson, 
Dr.  Wm.  Thomson,  Hon.  A.  W.  Toarg^e,  Mr.  Jos.  B.Toiroseod,  Mr.  Henry  C.  Town- 
send,  Dr.  Jas.  Tyson,  Dr.  Wm.  H.  Wabl,  Mr.  W.  H.  Walmsley,  Mr.  John  Wanamaker, 
Hon.  John  Welsh,  Mr.  Joseph  Wharton,  Dr.  Frances  Emily  White,  Mr.  James  S. 
Whitney,  Mr.  F.  H.  Williams,  Mrs.  F.  H.  Williams,  Mr.  I.  V.  Williamsoo,  Mr.  Joseph 
M.  Wilson,  Mrs.  Casper  Wister,  Mrs.  Owen  J.  Wister,  Mr.  £dw.  H.  W^ood,  Mr. 
Kichard  Wood,  Dr.  dtuart  Wood,  Dr.  T.  G.  Wormley,  Mrs.  £.  Yamall,  Mr.  Joseph 

Zentmayer. 

EXECUTIVE  COMMITTEE. 

Chairman,^BO»,  JOHN  WELSH. 
Secretarjf.—DR.  Edw.  J.  Nolan. 

Mr.  Chas.  A.  Ashbumer,  Prof.  Geo.  F.  Barker,  Mr.  Alexander  Biddle,  Mr.  Bobert  B. 
Corson,  Mr.  A.  J.  Drexel,  Dr.  Persil'or  Fraxer,  Prof.  Augelo  Heilprin.Gen.  H.  S. 
Huidekoper,  Mrs.  Wm.  Hunt,  Prof.  Edmund  J.  James,  Mr.  Geo.  D.  Krumbhaar,  Dr. 
Isaac  Lea,  Dr.  Joseph  Leidy,  Pruf.  H.  CaiTill  Lewia,  Mrs.  J.  Diindas  Lippincott,  Dr. 
Edw.  J.  Kolan ,  Dr.  Wm.  Pepiier,  Theo.  D.  Band,  Mr.  Wm.  Sellers,  Mr.  John  C.  Sims, 
Jr.,  Mr.  Edw.  T.  Steel,  Mr.  John  Wanamaker,  Hon.  John  Wel^h,  Mr.  F.  H.  Williams, 
Mr.  Jos.  M.  Wilson. 

LADIES'  BECEPTION  COMMITTEE. 

CkairnutH.^MvtB.  J.  Dcndas  Lippixgott. 
Secretary. "Urs.  Wm.  Uukt. 

Miss  Helen  C.  DeS.  Abbott,  Mrs.  Bichard  L.  Ashhurst,  Miss  Elise  Willing  Balch, 
Mrs.  Geo.  F.  Barker,  Prof.  Bachel  L.  Bodley,  M.  D.,  Mrs.  Pliny  £.  Chase,  Mrs.  Samuel 
Chew,  Mrs.  Clarence  H.  Clark,  Mrs.  Edw.  H.  Coates,  Mrs.  Edw.  D.  Cope,  Mrs.  Bobert 
B.  Corson,  Mrs.  Geo.  £.  Cittter,  Mrs.  Persifor  Frazer,  Mrs.  J.  L.  Hallo  well,  Mrs. 
Alfi-ed  C.  Harrisou,  Mrs.  Wm.  Huut,  Miss  Agues  Irwiu,  Mrs.  W.  W.  Justice,  Mi-s.  Jos. 
Leidy,  Mrs.  J.  P.Lebley,  Mrs.  U.  CarTillLewis,Mrs.  J.  Duudas  Lippincott,  Mrs.  G.  A. 
McCall,  Mrs.  Wayue  MacVeagh,  Mrs.  William  Pepper,  Mrs.  Fairman  Bogers,  Mrs. 
Cornelius  Stevenson,  Mrs.  Frank  Thompson,  Dr.  Frances  Emily  White,  Mrs.  Caspar 
Wibter,  Mrs.  Owen  J.  Wister,  Mrs.  Fraincis  H.  Williams,  Mrs.  £.  Yarnall. 

COMMITTEE  ON  INVITATIONS  AND  BECEPTIONS. 

Cftmmian.— Pkof.  Wm.  Pspper,  M.  D.,  LL.  D. 
Seertiary.^VROF.  Pkrsifor  Frazku,  D.  Sc. 

Bev.  Geo.  D.  Boai'dmau,  D.  D.,  Dr.  D.  G.  Brinton,  Mr.  A.J.  Cassatt,  Prof.  Thos. 
Chase,  LL.  D.,  Mr.  Geo.  W.  CbilUs,  Mr.  Jas.  L.  Clughoru,  Mr.  Hnmilton  Disston,  Mr. 
Thos.  Dolan,  Col.  Frank  M.  Etling,  Dr.  Persitor  Frazer,  Mr.  W.  W.Frasier,Mr.  Horace 
Howai-d  Fumess,  Mr.  Henry  C.  Gibson,  Mr.  J.  Campbell  Harris,  Mr.  Chas.  C.  Harrison, 
Dr.  I.  Minis  Hays,  Gen.  H.  S.  Huidekoper,  Mr.  Geo.  DeB.Keim,  Bev.  Wm.  Kierau, 
D.  D.,  Dr.  Joseph  Leidy,  Prof.  H.  Carvill  Lewis,  Mr.  J.  Duudas  Lippincott,  Mrs.  J. 
Duudas  Lippiucott,  Hon.  Wayne  MacVeagh,  Bev.  H.  C.  McCo<ik,  D.  D.,  Prof.  Edw. 
H.  Magill,  Bev.  J.  S.  Macintosh,  D.  D.,  Bev.  W.  N.  McVickar,  D.  D.,  Mr.  J.  Vanghan 
Merrick,  Dr.  Wm.  Pepper,  Mr.  Wm.  bellers,  Mr.  S.  B.  Shipley,  Mr.  Thos.  Simpson, 
Col.  A.  Louduu  Suowdeu,  Bt.  Bev.  Wm.  Bacon  Stevens,  D.  D.,  Mr.  J.  C.  Stniwbridge, 
Mr.  Frank  Thomson,  Mr.  John  Wtinamaker,  Hon.  John  Welsh,  Mr.  Joseph  Wharton. 

COMMITTEE  ON  NOMINATIONS. 

Chairman,— pRor.  Joseph  Leidy,  M.D. 
Secretary.— Pkof.  H.  Carvill  Lewis. 

Prof.  Geo.  F. Barker, Mr.  A.  J.  Drexel,  Mr.  Philip  C.  Garrett, Gen.  H.  S.  Huidekoper, 
Dr.  Isaac  Lea,  Dr.  Jos.  Leidy,  Prof.  J.  P.  Lesley,  Prof.  H.  Carvill  Lewis,  Mrs.  J.  Dun- 
das  Lippincott,  Bev.  H.  C.  McCook,  D.  D.,  Dr.  Edw.  J.  Nolan.  Dr.  Wm.  Pepper,  Mr. 
John  H.  Bedfleld,  Mr.  Coleman  Sellers,  Mr.  John  C.  Sims,  Jr.,  Mr.  Edw.  T.  Steel,  Mr. 
Frank  Thomson,  Mr.  John  Wanamaker,  Hon.  John  Welsh,  Mr.  F.  H.  Williams,  Mr. 
Jos.  M.  Wilson. 
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COMMITTEE  ON  ROOMS  AND  PLACES  OF  MEETING. 

Cftairman— Prof.  Geo.  F.  Barkeb,^.  D., 
Secretary.— Prof.  Edmund  J.  Jambs. 

Dr.  Harrison  Allen,  Prof.  Geo.  F.  Barker,  Hon.  Geo.  H.  fioker,  Mr.  Robeit  R.  Cor- 
son,  Mr.  Samuel  Dickson,  Mr.  Simon  Gratz,  Mr.  A.  W.  Harrison,  Dr.  Geo.  H.  Horn, 
Mr.  Sam'l  B.  Haey,  Gen.  H.  S.  Huldekoper,  Prof.  E.  O.  Kendall,  Mr.  B.  Andrews 
Knight,  Hon.  Wm.  H.  Lex,  Mr.  James  Maoallister,  Dr.  Geo.  I.  McLeod,  Prof.  Edw.  H. 
Magill,  Mr.  J.  E.  Mitchell,  Mr.  Wm.  J.  Philips,  Prof.  Geo.  I.  Rich^,  Dr.  Wm.  Thomson, 
Mr.  Henry  C.  Towusend,  Dr.  Jas.  Tyson,  Mr.  Jos.  M.  Wilson,  Prof.  Edmund  J.  James, 
Mr.  John  Sellers. 

COMMITTEE  ON  TRANSPORTATION  AND  EXCURSIONS. 

Cftoirman.— Mr.  Jorn  C.  Sims,  Jr. 

Seeretariea.^'ilR,  Geo.  D.  Krumbhaar,  Mr.  Tubo.  D.  Rand. 

Mr.  John  R.  Baker,  Mr.  F.  M.  Bissell,  Mr.  A.  J.  Cassatt,  Mr.  Thomas  Cochran,  Prof. 
£.  D.  Cope,  Mr.  Albert  Foster,  Mr.  W.  H.Fralley,  Prof.  F.  A.  Genth,  Mr.  F.  B.  Gowen, 
Mr.  C.  A.  Griscom,  Mr.  M.  P.  Handy,  Mr.  Geo.  Harding,  Prof.  F.  V.  Hayden,  Prof. 
Angelo  Heilprin,  Mr.  Rudolph  Hering,  Rev^.  Wm.  Kieran,  D.  D.,  Mr.  Geo.  D.  Krumb- 
haar,  Prof.  J.  P.  Lesley,  Mr.  Enoch  Lewis,  Hon.  Wayne  MacVeagh,  Prof.  Thos.  Mee- 
ban,  Mr.  D.  S.  Newhall,  Mr.Theo.  D.  Rand,  Dr.  W.S.  W.  Ruschenberger,  Mr.  J.  C.  Sims , 
Jr.,  Mr.  Frank  Thomson,  Dr.  Wm.  Thomson. 

COMMITTEE  ON  FINANCE. 
Ckairman.—Mn.  John  Wanamaker. 
Secretary.— ^R.  Alexander  Biddle. 

Mr.  Wharton  Barker,  Mr.  Alex.  Bifldle,  Mr.  Wm.  Brockie,  Mr.  Alex.  Brown,  Mr.  A. 
J.  Cassatt,  Mr.  Jas.  L.  Clagborn,  Mr.  Clarence  H.  Clark,  Mr.  Hamilton  Disston,  Mr. 
Thomas  Dolan,  Mr.  £.  H.  Fitter,  Mr.  Philip  C.  Garrett,  Mr.  F.  B.  GowBn,  Mr.  J.  Camp- 
bell HaiTis,  Mr.  Thos.  S.  Harrison,  Hon.  Sam'l  G.  King,  Mr.  Edw.  C.  Knight,  Mr. 
Henry  Lewis,  Mr.  J.  B.  Lippincott,  Mr.  John  H.  Michener,  Mr.  Moro  Phillips,  Mr.  E. 
A.  Rollins,  Mr.  Wm.  Sellers,  Mr.  S.  R.  Shipley,  Mr.  John  Wanamaker,  Hon.  John 
Welsh,  Mr.  Jos.  Wharton,  Mr.  I.  V.  Williamson,  Mr.  Richard  Wood. 

COMMITTEE  ON  HOTELS,  LUNCHEONS  AND  LODGINGS. 
Chairman.— M.R.  Jos.  M.  Wilson. 
Secretary.— ilR.  RoBT.  K.  Corson. 

Prof.  Geo.  F.  Barker,  Dr.  Roberts  Bartholow,  Mr.  A.  Sydney  Biddle,  Mr.  J.   C. 

Brooks,  Prof.  P.  E.  Chase,  Mr.  Robert  R.  Corson,  Mr.  Geo.  K.  Crozer,  Mi*.  John  Fernie, 

Mr.  Frederick  Graff,  Mr.  Thomas  Hockley,  Mr.  Wm.  W.  Justice,  Mr.  Edw.  M.  Lewis, 

Re7.  H.  C.  McCook,  D.  D.,  Mr.  Merle  Middleton,  Mr.  John  T.  Morris,  Mr.  Wm.  V. 

BIcKean,  Mr.  Alex.  £.  Outcrbridge,  Jr.,  Mr.  John  Shallcross.  Mr.  Aubrey  H.  Smith, 

Mr.  G.  MoiTiaon  Taylor,  Mr.  W.  P.  Tatham,  Mr.  Jas.  B.  Whitney,  Mr.  Jos.  M.  Wilsou, 

Dr.  Stuart  Wood. 

COMMITTEE  ON  PRINTING. 

Chairman.— Mr,  V.  H.  Williams. 

Secretaries.— Dr.  Edw.  J.  Nolan,  Prop.  Anoelo  Heilprin. 

Mr.  John  R.  Baker,  Rev.  Dr.  Geo.  D.  Boardmiin,  Mr.  Francis  A.  Cunningham,  Col. 
Frank  M.  Etting,  Mr.  M.  P.  Handy.  Mr.  W.  W.  Harding,  Hon.  J.  I.  Clark  Hare,  Pruf. 
Angelo  Heilprin,  Mr.  Rudolph  Hering,  Mr.  Thos.  Hockley,  Mr.  J.  B.  Lippincott,  Pruf. 
Thos.  Meehan,  Dr.  Edw.  J.  Nolan,  Mr.  Jos.  Pennell,  Mr.  C.  P  Perot,  Mr.  Henry  Phil- 
lips, Jr.,  Mr.  Lloyd  P.  Smith,  Mr.  Frederick  D.  Stone,  Mr.  J.  C.  Strawbridge,  Hon.  A. 
W.  Tourgee,  Dr.  Wm.  H.  Wahl,  Hon.  John  WeUh,  Mr.  F.  H.  Williams. 

COMMITTEE  ON  MAILS,  TELEGRAMS  AND  EXPRESS. 

Chairman.— GUIS.  H.  S.  Huidekoper. 
Secretary.— Mr.  Chas.  A.  Ashburner. 

John  S.  Alexander,  Chas.  A.  Ashburner,  Dr.  A.  E.  Foote,  Mr.  J.  E.  Funium,  Prof. 
A.  H.  Fetterolf,  Prof.  Edwin  J.  Houston,  Gen.  H.  S.  Huidekoper,  Prof.  C.  N.  Pierce, 
Mr.  Franklin  Piatt,  Dr.  Carl  Seller,  Mr.  Jos.  B.  Townsend,  Mr.  W.  H.  Walmsley,  Mr. 
Sdw.  H.  Wood. 


SPECIAL  COMMITTEES  OF  THE  ASSOCIATION. 


F.  A.  P.  Barkxrd  of  New  York, 
B.  A.  Gould  of  Cambridge, 
J.  B.  HiLOARD  of  Washington, 


1.    Permanent  Committee  on  Weights,  Measures  and  Coinage, 

H.  A.  Nbwton  of  New  Haven, 
£.  B.  Eluott  of  Washington, 
John  Tbowbridgb  of  Cambridge, 
A.  M.  Mates  of  Hoboken. 

2.     Committee  on  Membership, 

The  Mbmbbrs  of  thk  Standing  Committbb. 

Committee  on  the  best  methods  of  Science-  Teaching  in  the  Public 

J^hools. 

J.  BUBKiTT  Webb  of  Ithaca, 
C.  M.  WooDWABD  of  St.  Louis, 
C.  E.  B£88Er  of  Ames. 

This' committee  has  power  to  add  to  its  number. 

4.     Committee  on  the  Registration  of  Deaths^  Births,  and  Marriages. 


3. 


John  Eaton  of  Washington, 
R.  U.  Thorston  of  Hoboken, 
Jambs  Mag  Austbr  of  Fhiladelpliia, 


E.  B.  Elliott  of  Washington, 
J.  B.  KiLLEBRBie  of  Nashville, 


E.  T.  Cox  of  San  Francisco, 
John  Collett  of  Indianapolis. 


5.     Committee  on  Stellar  Magnitudes. 


E.  C.  PiCKEBiNO  of  Cambridge, 
Lewis  Boss  of  Albany, 
S.  W.  BURMHAM  of  Chicago, 
ASAPH  Hall  of  Washington, 
William  Harkness  of  Washington, 


£.  S.  HOLDBN  of  Madison, 
Simon  Newcomb  of  Washington, 
C.  H.  F.  Peters  of  Clinton, 
Ormond  stone  of  Univ.  of  Va., 
C.  A.  YOUNO  of  Princeton. 


6.     Committee  to  confer  with  Committees  of  Foreign  Associations  for 
the  Advancement  of  Science  toith  reference  to  an  International 
Convention  of  Scientific  Associations. 


Simon  Newcomb  of  Washington, 
T.  Sterky  Hunt  of  Montreal, 
G.  F.  Barker  of  Philadelphia, 


J.  W.  Powell  of  Washington, 
B.  C.  PICXERINO  of  Cambridge, 
iRA  Bemsen  of  Baltimore, 

C.  S.  Minot  of  Boston. 
Committee  on  Indexing  the  Literature  of  the  Chemical  Elements. 

F.  W.  Clark  of  Washington, 
A.  R.  Leeds  of  Hoboken, 

A.  A.  JULIBN  of  New  York. 
Committee  on  Interiiational  Congress  of  Geologists. 


7. 

H.  Carrinoton  Bolton  of  Hartford, 
iRA  Kemsen  of  Baltimore, 


8. 


James  Hall  of  Albany, 
J.  W.  Dawson  of  Montreal, 
J.  S.  Newberry  of  New  York, 
T.  Stbbry  Hunt  of  Montreal, 
C.  H.  HITCHCOCK  of  Hanover, 
Baphabl  Fumpelly  of  Newport, 

(xvl) 


J.  p.  Lesley  of  Philadelphia, 
J.  W.  Powell  of  Washington, 
G.  A.  Cook  of  New  Brunswick, 
John  STEVENSONof  New  York, 
E.  D.  Cope  of  Philadelphia, 
E,  A.  SMITH  of  Tuscaloosa. 


SPECIAL   COMMITTEES. 


XVll 


9.     GommUtee  to  confer  with  the  United  States  Geologist  in  regard  to 
cooperation  between  the  Government  and  State  Geological  Surveys. 


James  Hali.  of  Albany, 
T.  Stbrrt  Hunt  of  Montreal, 
J.  S.  Newbehry  of  New  York, 
N.  H.  WiNCHELL  of  Minueapolis, 


10. 


C.  H.  Hitchcock  of  Hanover, 
J.  P.  Lesley  of  Philadelphia, 
6.  H.  Cook  of  Brunswick. 
£.  A.  Smith  of  Tascaloosa, 
Joseph  Le  Conte  of  San  Francisco. 
This  Committee  has  power  to  add  to  its  number. 

Committee  on  Interchange  of  Courtesies  between  the  American  and 
British  Associations  for  the  Advancement  of  Science. 


C.  A.  Young  of  Princeton, 
J.  P.  Lesley  of  Philadelphia, 
J.  W.  Dawson  of  Montreal, 


11. 


T.  Sterry  Hunt  of  Montreal , 
£.  S.  Morse  of  Salem, 
T.  C.  Mendenhall  of  Washington. 
F.  W.  Putnam  of  Cambridge. 

Committee  in  relation  to  Duty  on  Scientific  Books. 


H.  A.  Rowland  of  Baltimore, 
C.  A.  Young  of  Princeton, 


J.  W.  Powell  of  Washington, 
J.  D.  Cox  of  Cincinnati, 
E.  S.  Morse  of  Salem. 


13.     Committee  on  Uniformity  of  Graphic  Illustrations  in  representing 

facts  in  Statistics,  etc. 


E.  B.  Elliott  of  Washington, 
J.  E.  HiLGARD  of  Washington, 


Charles  Warren  of  Washington, 
William  Kent  of  Pittsburgh. 


18.     Committee  on  the  Investigation  of  Fermentation  and  its  Effects. 


Alfred  Springer  of  Cincinnati, 
F.  W.  Clarke  of  Washington, 


14. 


G.  M.  Sternberg  of  Washington, 
H.  W.  Wiley  of  Washington, 
Clifford  Richardson  of  Washington. 

Committee  on  Anatomical  Nomenclaturey  with  Special  reference  to 

the  Brain. 


Joseph  Leidy  of  Philadelphia, 
Harrison  Allen  of  Philadelphia, 


15. 


H.  OSBORN  of  Princeton, 
T.  B.  Stowell  of  Cortland, 
B.  G.  Wilder  of  Ithaca. 

Committee  on  the  Encouragement  of  Researches  upon  the  Health 

and  Disease  of  Plants. 


J.  C.  Arthur  of  Charles  City, 

W.  J.  BEALof  Agricultural  College,  Mich. 

C.  £.  Bessey  of  Ames, 


16. 

T.  C.  Mendenhall  of  Washington, 
W.  A.  Anthony  of  Ithaca, 


T.J.  Burrill  of  Champaign, 
W.  G.  Farix>w  of  Cambridge, 
C.  H.  Peck  of  Albany, 
J.  T.  ROTHROCK  of  West  Chester. 

Committee  on  Physics  Teaching. 

H.  S.  Carhart  of  Evanston, 
F.  H.  Smith  of  Charlottesville, 

John  Trowbridge  of  Cambridge. 
17.     Committee  to  present  to  the  Postmaster  General  the  importance  of  a 
change  in  the  postal  laws  in  relation  to  the  transportation  of  Botanical  speci- 
mens through  the  mails. 
L.  F.  Ward  of  Washington,  |  George  Vassey  of  Washington, 

J.  W.  Chickering,  Jr.,  of  Washington. 

18.    Auditors. 
Hbnby  Wheatland  of  Salem,  |        Thomas  Meeh an  of  Germantown. 

A.   A.    A.    S.y    VOL.    XXXllI.  B 


XVlll 


MEETINGS. 


H 

QO 
M 

PS 

< 

00 

H 

QQ 

o 

o 
1-^ 
o 

Ph 
O 

O 
•-^ 
H 

<J 
O 

o 

{z; 
o 

OS 

P4 

» 
n 

H 

1^ 
O 

GO 

PS 

O 

»-i 

O 

P 

CO 

CD 
H 


o 

O 

O 

a 

o 


a 
o 

o 

s 


o 
O 


s 

a 
o 


to 

s 
o 
Q 


5  » 


a 


a 

s 


« 


H    PQ 


OB 

00 

OD 


« 

1^ 


o 


a 
o 

to 
M 
O 

a 


c   «^S  5   s     >» 
«   S  s  s  S   «    ^ 


s 


a 

es 

a 


CO 

c 

a 

OS 


sa 
2 

o 

6 


I 

Q 

c 


H  PQ  CD  a 


o 
o 


& 

m 

E 


o 

■ 

Q 


pi 

I 


et      OS 

Oh     04 


a 
5 

CO 

O 


e 
o 

I"  i 


a 

a 

o 


B4 

0 


o 

H 

H 

H 


O        r-i 


s 


3 

00 


00 


64 


^ 

3 


S       00 


?  g§ 


e« 


T*      'r*      •?*      **^ 
tri        h       U        b 


^    ^   5 

«<  -<  a 


•^      00 


e« 


en 


80        "O        "3         _ 

iH     e*     "0     '^ 


ja     js     Ji     js     J3 

W  44  «^  «»  «« 

lo     «o     r«     00 


MEETINGS. 


XIX 


o 
o 
o 

H 

:g 

O 

Jz; 
> 

o 
» 

H 

P3 
O 

5ZJ 
O 

H 
-««! 

O 
O 
CO 
GO 

< 
o 

H 

Ui 
O 

O 


< 

O 


K 
H 

P 

CO 

H 


-  00 

a    c    s    ^     .    ~    c: 


*.  *.  *.  ♦.  *.  **7  *r 

ccddddflsac 


«##•?- 

»■••■• 


^p^  ^^  ^^  •       ■       ■       • 


flD 
H 

g 


bo   tD 
C     fl 

«    o 

^  -r  JT  >    > 
•g  -a  -g   o    o 

^  .S  .^  ►q  K^ 


ee 


pa 


^  ^  ^ 

9)    <6    CO 


00      09 
O     O 


U)  to 

a  o 

••V  •»< 

t<  u 

>  ► 

o  o 

A  A 

«  O 

CO  00 

O  O 


bo  bo  bO 

c  e  fl 

*w*  w^  •^^ 

U  U  Vm 

«  «  O 

>  >  > 

o  o  o 

hq  1^  1-3 

AAA 

a  9.  9. 

«  o  « 

flO  00  OB 

O  C>  O 

t-3  ^5  N9 


bo  bo 

fl  C 

'S  'S 

a»  « 

t»  > 

o  o 

hi)  ij 

CO  «o 

o  o 

t-5  1-3 


bo  ;s 

A    ^ 
*  ►J 

s  ^ 


bo  bo  bo 

fl  s    s 

to  o 

>•  > 

o  o 

•J  1-1 


o 


A    A  A  "^ 

o*  ai«  CL    • 

o    «  «  ^ 

oa    as  00  "^ 

O    O  O  -•    . 

i-S    t-S  "^  6m    Sn 


§ 

C 


IS 


fl 

o  _ 

(II  rH 

fl  "^ 

«  S 


« 

^^     Jbfl      «      CO  t- 
•»     O      S«      M 

m   .5    fl)    ©  - 

^    j:    bp   bo  S 

^  -^  S  S  o 


►J  «  ^  ^ 


« 

J3 

a  . 

00  s 

2  •-  2 

fl  QS    fl 

»-i  *»    « 

^  ^  « 

J  -s  ^ 

^  ^  tt 


♦    s 


fl  —<   ► 

p    fl<   s 

ij    3    Q 

j^  i 

fl  S3  -;:: 
•^  >  1^ 


§*§ 

3  § 

A    A 
o    — ♦ 


s 
fl-  8 
I  ^ 

>;  "^ 

A    o 

.     o 
w    g 

d  33 


js 

o 


a  a 

fl     fl 


»     .    fl 

a  ^  a 


^  ^  QO  ••q  d 

Em   bi  S   C5   *< 


#      O     o 

2  -^  p 

00 


a> 


o  .- 

-I 


« 


9 

CO 

•^  2 

•mm       ^*V 


5  S  ^  ^ 

o    « 

^3 


o   o 

•     • 


o 


S  £ 


55 
O 


O 

fl 


X 


fl 

2  - 

A  fl 

J"  5 

W  CO 

^  6 


H 

a 

OB 
H 

»4 


♦«  * 

2  >» 

«    A 
•     fl. 

.     « 

tp  "^  <  <1 


09 

es 


A 
O 

es 


«  (^  m 
5"   -r  IB  •-» 


Q  Q 


•    CO      sS 

Qfl  •? 

<!  ^  ca 


fl  c  ^ 

es  p  33 

-^  fl  2 

.  O  sS 

►^  "^  "^ 


#  #  "5 

2  2  X 

^  ^  « 

00  en  "^ 

CS  c5  •< 

o  ;:)  B 

00  CO  4) 

«}  «  o 

^  ^N  3 

<J  <J  00 


mm 

u 
es  ^ 
^      • 


^  » 


2  2 

3  CO 

O  O 

<  ^ 


.fl 

a 

00 

1  &i 

E^  <{  ^ 


bo 

B     « 


► 
o 
1-3 


Si 

fl 
o 


a.  ^ 

9  • 

S  *^ 

O  . 


&4 


00 
00 

eS 


14 

»4 


JS     © 

fl.   bo 
«  •?: 

=  a 

A    es 

Oh   O 


o6 

fl 
o 

so 

es 


fl      .. 

c  5       .2 

^  5  >^  o 


>  es 

n  fl 

^  2 

o  .fl 


S5  "O 

.  fl 

>»  es 

2  « 


fl  oT 

o  o 

tA  C 

es  P 


00 

at      ^ 


eS 
^  fl  'O  a  fcH     r  £f 

•*  -3  2  "S  «  ^  2 


^   2     r 

«    .es    H    O      >     . 

fl.  2  "a 


bo     '^  ^    a    c   ;= 


2    5 

A  "3 


p 


fl 
fl 
p 
o 


5 


-3^ 


p 


>■>.      '^     T     h^      "^      U<     w      pM       prf     JS      d      «4      »^      "^      w      *~ 


GO   oa 


»-(   »-i   « 


9 


X    5>{  IJ5    5s    iX    5<    1J\    Vn     A 


0>    o    --^    ©»    CO    ■'f 
»    r-    r-    I-    t--    t- 

S   cx>   CO   cx)   CO   00 


H 


-^bbu    &«>>(«>» 'H    bbbobb'S    bobbbobobbt«bo^botcbo 

©S«SiS5sft.3SflO«flSSSCflSfl5SS 
0O<J3^»es"<i-8<J^^-<5'<^-<<><}<-?}<J«<'<'«^< 


o 

H 
M 


«'-4^j3j=.s.fljfl.fljs;fl.flx:x:i=^j3^.fljs-M^^ 

l-le^s>o■^•oO^-(»0»Or-^(^^«■^|flOl■''»oso•-''^^^? 


I 

a 


« 


2^B«u     -S 

o.Oie.c*e.S 

*     •     •     •     •  4t 

S'*  usee  I* 


08 
C< 

m 


o  c  o  o  oo 
«  o  «  «  «  o 

e  SB  s  c  fl 
• •  •  •  •  • 

t»aO  AO>-4  94 


lii^-?«- 


CcS  BO  S 

o  o  o  o  O  P 

V  0)  9  V  V  0) 

Ms  ee  <s  «  « 

fl.o.&.Hfl.'E 
fl  B  B  as  B 


%n 


MKKTIiroS. 


^ 

« 

s 


-I 

J; 


c 

pi 

c 

-< 

:? 

» ^ 


Hi 


1 


Id  Id  Bi  ^   ^  id 
i4  i4  M  U  '^   ^ 


♦       *-       -^      i- 


s 


V 

^ 

i. 


Ik  ».  »<  ^  ^  sii  u 

«i  o  iK  h'  ih;  ^  0^ 


1 1  U  I  ^  < 

.'  -<  i  i  4  *  A 

^       •*      i       X         K       •«      ^ 


\ 


t 


<    1 


« 
V 


•I 


< 


Hi        » 


Lj   M    M  b 


« 


^E^l 


5f 


<<'5r't 


^        ^ 

>'>^ 


yj  «» 


5 


^ 


i  i  i  n  i  I 

QO     00    oi    oi    a6    oS     co 

^'    ^  if  ^'  ^'  ^'   ^ 


a 
a 

n 


M  t  ^ 


(S    £    B 

-4  n  a 
«   •<   •< 


5»       H         * 


^     a     o 
i 


^ 

«» 


9( 


*t 


I    I 

S    «b 


<  it 


I    ^     1 

«    ^    X 


a. 


«   ^    *o 
>J   >    ;; 


7 

i  -5 ;  1 
•     * 


A  ; 


^  «  ^ 


\ 


^ 


\       \       ^       \       ^       ^ 


N       X        V 


3 

a 
m 

a 
d 


m 

M 
C 


£ 
^ 


M 

s 

6 

O 
V 

a 

I 

e 


v   o 

u 

s  • 


• 

t 


•«    e 


8 

i 

I 

a 


^  •  o  *  s. 

§••25 

-2  i  «  *j  S 

■r  s  c  5  5 

.     -5  «  «  " 

«  s  s  •• 
r=   e  c  « 

•  *  •  3 


i 


^      <^      S        4f 


i  -  4  ' 

"^  't  •;  *.  ^ 

:  ;  ;  -  i 

.  4  _ 

•  •  « 


X     ^     i 


^ 


V    4    A    5^ 


t 


V 


UEETIXeS. 


"  J  I  I 
I  °  s  * 
"■>:»■ 

E      I     I     I 

I   S  =  I 

!l    i   S  X 
i  i  i 

i  3 1 1 1 

g  I     ^    S   ij 

a  *  u  fc  fc 

£    .    a   B  »; 
^  ai     I    I    I 

i  iU 

I    S  S  S 

I  i  1  ^' 

&   fr   a 
'^  £   J 

^     ^     B^ 

g     4     ""- 
I      It 

_  J_i_l 
ill 

5     a  s  "^ 

<   «a   (? 

I     1  n  ^ 


\ 

B 
s 

1 

; 

til 

at" 

n     H     Q 

ill 

eJ  &   fe 

a   a   u 

!!! 

IJ 

1  -;  < 

D-'O 

III 
►  >■  fe 

i 

i 

i 

1 

■i 
1 

1"  1 1 
a  1  s 

ill 

ill 

add 

a  ^  d 
S   i  u 

I  i    i 


.;     i 


1 

1 
1 

s 

si 

i* 
1 

a 

i 

i 

1 

St 

II 

I  5 

ill 

111 
III 

H  a  a 
6   6    u 

"^        ■^" 

H 
11 

Iff 

a   -^  a 

S    ^    a 

a- 

III 

«          •«          < 

a   <  u 

ill 

ItJ 

1  b;  ^ 

:j  ^  = 

II 


!    1 

litii 

:  HI 


3i  S" 
liill 


COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN    ACT 

To  Incorporate    the    "  American    Association    for   the 

Advancement  of  Science." 

Be  it  enacted  by  the  Senate  and  Hottse  of  Representatives,  in  General  Court 
assembled,  and  by  tf^  anthority  of  the  same,  as  follows: 

Section  1.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Proyidence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  P.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
land, B.  A.  Goald  of  Cambridge,  T.  S terry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  '*  American  Association 
for  the  Advancement  of  Science,'*  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  "American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Sbction  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
flftv  thousand  dollars. 

SEcriox  3.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  **  by  mail,**  to  each  member  of 
the  said  Association. 

Section  4.    This  act  shall  take  effect  upon  its  passage. 

HorsK  OF  Rkpreskntativrs,  March  10,  1874. 

Passed  to  be  enacted, 

John  E.  San  ford,  Speaker. 
Is  Skxatk,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Gko.  B.  Loiung,  President.  Approved, 

W.  B.  Washburn. 
Secretary's  Dkpartmkxt, 

Boston,  April  3,    li>74. 

A  true  copy.  Attest: 

David  Pilsifkii, 

Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 

OF  THE 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 


Article  1.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  arc  culti- 
▼ating  science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  fiEicilitles  and  a  wider 
usefulness. 

Members,  Fellows,  Patrons  aitd  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  a  majority  of  the  members  and 
fellows  present  in  General  Session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  from 
such  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  Gen- 
eral Session. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 

Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three  for 
each  section,  may  be  elected ;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  in  General  Session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  fellows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitled  to  all  publications  of  the  Association  issued  after 
the  date  of  their  election. 

(xxiil) 
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Art.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Standing  Committee  shall 
have  power  to  exclude  fkt>m  the  Association  any  member  or  fellow,  on 
satisfiictory  evidence  that  said  member  or  fellow  is  an  improper  person 
to  be  connected  with  the  Association,  or  has  in  the  estimation  of  the 
Committee  made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officers. 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  IVom  the  fallows,  and  shall  consist  of  a  President,  a 
Vice  President  fh>m  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, an  A.sslstant  General  Secretary,  a  Treasnrer,  and  a  Secretary  of 
each  Section ;  these,  with  the  exception  of  the  Permanent  Secretary,  shall 
be  elected  at  each  mct^tlng  for  the  following  one,  and,  with  the  exception 
of  the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  re€ligible  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary  shall 
be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
pT««ent^  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
meetings  of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the 
Presiiient  to  give  an  address  at  a  General  Session  of  the  Association  at  the 
meeting  foViOwing  that  over  which  he  presided. 

Art.  U.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Six^ijons^  and  of  their  Sectional  Commiitees,  and  it  shall  be  part  of  their 
duly  to  give  an  address^  each  before  his  own  sociion,  at  such  lime  as  the 
Slanting  Committee  shall  determine.  The  Vice  PpcsuIctjt*  may  appoint 
temtH>raTy  chairmen  to  pnosjde  over  the  ^sessions  of  ihcir  sections,  but 
shall  not  delegate  their  other  duties.  The  Vjoe  P^e^ii^ents  sha:i  have 
jsenioiilT  in  order  of  their  continuous  membership  in  the  Assodaik>n. 

Art.  12,  The  General  Secretary  s'lar.  be  the  Secretajj  of  all  General 
^"•jsjiions  of  the  Ass*v;ativ>n.  and  sh:.*l  ke<'p  a  record  of  the  bo^ness  of 
these  sessions.    He  bha'ii  receive  the  reconls  tvom  the  SectxMaries  of  the 
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Sections,  which,  after  examination,  he  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  ac^oarnment  of 
the  meeting.  He  shall  receive  proposals  for  membership  and  bring  them 
before  the  Standing  Committee. 

Art.  13.  The  Assistant  General  Secretary  shall  be  the  Secretary  of 
the  Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section 
the  titles  of  papers  assigned  to  it  by  the  Standing  Committee. 

Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  uider  the  direction  of  the  Standing  Committee.  He  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitutionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  a  general 
report  for  publication  in  the  annual  volume  of  Proceedings.  He  shall 
attend  to  the  printing  and  distribution  of  the  annual  volume  of  Pro- 
ceedings, and  all  other  printing  ordered  by  the  Association.  He  shall 
issue  a  circular  of  information  to  members  and  fellows  at  least  three 
months  before  each  meeting,  and  shall,  in  connection  with  the  Local 
Committee,  make  all  necessary  arrangements  for  the  meetings  of  the 
Association.  He  shall  provide  the  Secretaries  of  the  Association  with 
such  books  and  stationery  as  may  be  required  for  their  records  and  busi- 
ness, and  shall  provide  members  and  fellows  with  such  blank  forms  as 
may  be  required  for  facilitating  the  business  of  the  Association.  He  shall 
collect  all  assessments  and  admission  fees,  and  notify  members  and  fellows 
of  their  election,  and  of  any  arrearages.  He  shall  receive,  and  bring 
before  the  Standing  Committee,  the  titles  and  abstracts  of  papers  pro- 
posed to  be  read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the  same  annually 
at  the  first  meeting  of  the  Standing  Committee,  and  shall  pay  over  to  the 
Treasurer  such  unexpended  ftinds  as  the  Standing  Committee  may  direct. 
He  shall  receive  and  hold  in  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  the  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  find  the  orders  of  the 
Standing  Committee.  He  shall  receive  all  communications  addressed  to 
the  Association  during  the  Interval  between  meetings,  and  properly  attend 
to  the  same.  He  shall  at  each  meeting  report  the  names  of  fellows  and 
members  who  have  died  since  the  preceding  meeting.  He  shall  be  allowed 
a  salary  which  shall  be  determined  by  the  Standing  Committee,  and  may 
employ  one  or  more  clerks  at  such  compensation  as  may  be  agreed  upon 
by  the  Standing  Committee. 
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Art.  15.  The  Treasurer  shall  invest  the  Ainds  received  by  him  in  such 
secarities  as  may  be  directed  by  the  Standing  Committee.  He  shall 
annually  present  to  the  Standing  Committee  an  account  of  the  Ainds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas- 
urer shall  be  made  without  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of  their 
respective  sections ,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Vice  President,  Perma- 
nent Secretary,  General  Secretary,  Assistant  General  Secretary,  and  Treas- 
urer, shall  be  Ailed  by  nomination  of  the  Standing  Committee  and  election 
by  ballot  in  General  Session.  A  vacancy  in  the  office  of  Secretary  of  a 
Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the  Section. 

Art.  18.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
and  the  Vice  Presidents  of  the  last  meeting,  together  with  the  President, 
the  Vice  Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the 
Assistant  General  Secretary,  the  Secretaries  of  the  Sections,  and  the 
Treasurer  of  the  current  meeting,  with  the  addition  of  one  fellow  elected 
from  each  Section  by  ballot  on  the  first  day  of  Its  meeting.  The  members 
present  at  any  regularly  called  meeting  of  the  Committee,  provided  there 
are  at  least  five,  shall  form  a  quorum  for  the  transaction  of  business.  The 
Standing  Committee  shall  meet  on  the  day  preceding  each  annual  meeting 
of  the  Association,  and  arrange  the  programme  for  the  first  day  of  the 
sessions.  The  time  and  place  of  this  first  meeting  shall  be  designated  by 
the  Permanent  Secretary.  Unless  otherwise  agreed  upon,  regular  meet* 
iugs  of  the  Committee  shall  be  held  in  the  committee  room  at  9  o*clock, 
A.M.,  on  each  day  of  the  meeting  of  the  Association.  Special  meetings 
of  the  Committee  may  be  called  at  any  time  by  the  President.  The 
Standing  Committee  shall  be  the  board  of  supervision  of  the  Association, 
and  no  business  shall  be  transacted  by  the  Association  that  has  not  first 
been  referred  to,  or  originated  with,  the  Committee.  The  Committee 
shall  receive  and  assign  papers  to  the  respective  sections ;  examine  and, 
if  necessary,  exclude  papers;  deckle  whicli  papers,  discussions  and  other 
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proceedings  shall  be  published,  and  have  the  general  direction  of  the 
pablications  of  the  Association ;  manage  the  financial  alTairs  of  the  Asso- 
ciation; arrange  the  business  and  programmes  for  General  Sessions; 
suggest  subjects  for  discussion,  inyestigation  or  reports ;  nominate  mem- 
bers and  fellows ;  and  receive  and  act  upon  all  invitations  extended  to  the 
Association  and  report  the  same  at  a  General  Session  of  the  Association. 

Art.  19.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  one  member  or  fellow  elected  by  each  of  the  Sec- 
tions. It  shall  be  the  daty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  daty  of  this  Committee  to  rec- 
ommend the  time  and  place  for  the  next  meeting.  The  Vice  President 
and  Secretary  of  each  Section  shall  be  recommended  to  the  Nominating 
Committee  by  a  sub-committee  consisting  of  the  Vice  President,  Sec- 
retary, and  three  members  or  fellows  elected  by  the  Section. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of  the 
Association,  and  the  preliminary  arrangements  for  each  meeting  shall  be 
made  by  the  Local  Committee,  in  conj auction  with  the  Permanent  Secre- 
tary and  sach  other  persons  as  the  Standing  Committee  may  designate. 

Art.  21.  General  Sessions  shall  be  held  at  10  o'clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  sach  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  and  Subsections. 

Am*.  22.  The  Association  shall  be  divided  into  nine  Sections,  namely  :— 
A,  Mcafiematics  and  Astronomy;  B,  Physics;  C,  Chemistry,  inducting  its 
application  to  agriculture  and  tJiearts;  D,  Mechanical  Science;  E,  Geology 
OTid  Cfeographff;  F,  Biology;  G,  Histology  and  Microscopy;  H,  Anthro- 
pology; I,  Economic  Science  and  Statistics,  The  Standing  Committee 
shall  have  power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior  Vice 
President  and  Secretary  of  the  Sections  comprising  it. 

Art.  28.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the  Vice 
President  and  Secretary,  shall  form  its  Sectional  Committee.  The  Sec- 
tional Committees  shall  have  power  to  fill  vacancies  in  their  own  numbers. 
Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session. 
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Art.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasnre 
form  one  or  more  temporary  Sabsections,  and  may  designate  tlie  officers 
thereof.  The  Secretary  of  ^  Subsection  shall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  25.  A  paper  shall  not  be  read  in  any  Section  nor  Subsection  until 
it  has  been  received  A*om  the  Standing  Committee  and  placed  on  the 
programme  of  tlie  day  by  the  Sectional  Committee. 

Sectional  Committees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  in  a  Section  with- 
out the  consent  of  the  Sectional  Committee.  The  Sectional  Committees 
may  refuse  to  place  the  title  of  any  paper  on  the  programme ;  but  every 
such  title,  with  the  abstract  of  the  paper  or  the  paper  itself,  must  be  re- 
turned to  the  Standing  Committee  with  the  reasons  why  it  was  reftised. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association ; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  f^om  the  abstract  submitted. 

Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  Idea  of  their  nature ;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  Itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable,  the  proceedings  and  discussions  at 
Oeneral  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 
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Printed  Progeedinos. 

Art.  31.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  yolame  as  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjournment.  Authors  must  prepare  their 
papers  or  abstracts  ready  for  the  press  And  forward  them  to  the  Perma- 
nent Secretary  within  this  interval,  otherwise  only  the  abstracts  or  titles 
taken  from  the  *' title  blanks"  will  appear  in  the  printed  volume.  The 
Standing  Committee  shall  have  power  to  order  the  printing  of  any  paper 
by  abstract  or  title  only.  Whenever  practicable,  proofs  shall  be  for- 
warded to  authors  for  revision.  If  any  additions  or  substantial  altera- 
tions are  made  by  the  author  of  a  paper  after  its  submission  to  the  Secre- 
tary, the  same  shall  be  distinctly  indicated.  Illustrations  must  be  pro- 
vided for  by  the  authors  of  the  papers,  or  by  a  special  appropriation  from  the 
Standing  Committee.  Immediately  on  publication  of  the  volume,  a  copy 
shall  be  forwarded  to  every  member  and  fellow  of  the  Association  who  shall 
have  paid  the  assessment  for  the  meeting  to  which  it  relates,  and  it  shall 
also  be  offered  for  sale  by  the  Permanent  Secretkry  at  such  price  as  may 
be  determined  by  the  Standing  Committee.  The  Standing  Committee  shall 
also  designate  the  institutions  to  which  copies  shall  be  distributed. 

Local  Committee. 

Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  •  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  83.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  fUrnish  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  in  full 
shall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  All  books  and  pam- 
phlets In  circulation  must  be  returned  at  each  meeting.  Not  more  than 
five  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
fh>ro  circulation  by  order  of  the  Standing  Committee. 
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Admission  Feb  and  Assessments. 

Art.  84.  The  admission  fee  for  menibers  sliali  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  85.  The  annaal  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall 
be  invested  as  a  permanent  fund,  the  Income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

Art.  87.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  88.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  Auditors  appointed  by  the  Standing 
Committee. 

Alterations  of  the  Constitution. 

Art.  89.  No  part  of  this  Constitution  shall  be  amended  or  annalled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS  IN  ORGANISING  A  MEETING. 

1.  The  retiring  President  introduces  tlio  President  elect,  who  takes  the  chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by  the  Local 
Committee. 

S.  Report  of  the  list  of  papers  entered  and  their  reference  to  the  Sections. 

4.  Other  reports. 

5.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Election  of  members. 

7.  Election  of  fellows. 

8.  Unenumerated  business. 

9.  Adjournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  subsequent  General  Sessions. 
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Bardwell,  F.  W.,  Lawrence,  Kan.  (13).    Died  in  1878. 
Barnard,  John  G.,  New  York,  N.  Y.  (14).    Died  May  14,  1882. 
Barrett,  Moses,  Milwaukee,  Wis.  (21).    Died  in  1878. 
Bany,  Redmond,  Melbourne,  Australia  (25). 

(Ixxxiil) 
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Beck,  C.  F.,  Philadelphia,  Pa.  (1). 

Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1).     Born  Oct.  4,  1798.    Died 

April  21,  1858. 
Beck,  T.  Romeyn,  Albany,  N.  T.  (1).    Born  Aug.  11, 1791.    Died  Koy.  19, 

1855. 
Belfrage,  G.  W.,  Clifton,  Texas  (29).    Died  Dec.  7,  1882. 
Belt,  Thomas,  London,  Eng.  (27).    Died  Sept.  8,  1878. 
Benedict,  George  W.,  Burlington,  Vt.  (16).    Born  Jan.  11,  1796.    Died  in 

1871. 
Bicknell,  Edwin,  Boston,  Mass.  (18).    Bom  in  1830.    Died  March  19, 1877. 
Blnney,  Amos,  Boston,  Mass.  (1).    Born  Oct.  18,  1803.    Died  Feb.  18, 

1847. 
Blnney,  John,  Boston,  Mass.  (3). 
Blackle,  Geo.  S.,  Nashville,  Tenn.  (26). 

Blair,  Henry  W.,  Washington,  D.  C,  (26).    Died  Dec.  15,  1884. 
Blake,  Homer  C,  New  York,  N.  Y.  (28).    Born  Feb.  1,  1822. 

Blanding,  William, ,  R.  L  (1). 

Blatchford,  Thomas  W.,  Troy,  N.  Y.  (6). 

Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19).    Died  March  13,  1873. 
Boadle,  John,  Haddonfleld,  N.  J.  (20).    Born  in  1805.    Died  In  July,  1878. 
Bomford,  George,  Washington,  D.  C.  (1).    Born  1780.    Died  March  25, 

1848. 
Bowron,  James,  South  Pittsburg,  Tenn.  (26).    Died  in  Dec,  1877. 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15).    Died  in  1875. 
Bralthwalte,  Jos.,  Chambly,  C.  W.  (11). 

Briggs,  Albert  D.,  Springfield,  Mass.  (13).    Died  Feb.  20,  1881. 
Briggs,  Robert,  Philadelphia,  Pa.  (29).    Born  May  18,  1822.    Died  July 

24,  1882. 
Brlgham,  Charles  H. ,  Ann  Arbor,  Mich.  (17) .    Bom  July  27, 1820.    Died  in 

Jan.,  1879. 
Brown,  Andrew,  Natchez,  Miss.  (1). 
Brown,  Horace,  Salem,  Mass.  (27).    Died  In  July,  1883. 
Bull,  John,  Washington,  D.  C.  (31).    Born  Aug.  1,  1819.    Died  June  9, 

1884. 
Bnrbank,  L.  S.,  Woburn,  Mass.     (18). 
Buraap,  G.  W.,  Baltimore,  Md.  (12).    Bom  Nov.  80,  1802.    Diet)  Sept. 

8,  1859. 
Burnett,  Waldo  I.,  Boston,  Mass.  (1).    Died  July  1,  1854,  aged  27. 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10).    Born  Aug.  22,  1806.    Died 

June  8,  1878. 

Calms,  F.  A.,  New  York,  N.  Y.  (27).    Died  in  1879. 
Campbell,  Mrs.  Mary  H.,  Crawfordsvllle,  Ind.  (22).    Died  Feb.  27,  1882. 
Carpenter,  Thornton,  Camden,  S.  C.  (7). 
Carpenter,  William  M.,  New  Orleans,  La.  (1). 

Case,  Leonard,  Cleveland,  Ohio  (15).    Born  June  27,  1820.    Died  Jan.  5, 
1880. 
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Case,  William,  Cleyelanci,  Ohio  (6). 

Caswell,  Alexis,  Providence,  R.  I.  (2).    Born  Jan.  29, 1799.    Died  Jan.  8, 

1877. 
Chadbourne,  Paul  Ansel,  Amherst,  Mass.  (10).  Bom  Oct.  21,  1823.    Died 

Feb.  28,  1883. 
Chapman,  N.,  Philadelphia,  Pa.  (1).    Born  May  28,  1780.    Died  Jaly  1, 

1853. 
Chase,  Stephen,  Hanover,  N.  H.  (2).  Bom  in  1818.  Died  Aog.  5, 1851. 
Chanvenet,  William,  St.  Louis,  Mo.  (1).    Born  May  24,  1819.    Died  Dec. 

13,  1870. 
Cheesman,  Louis  M.,  Hartford,  Conn.  (32).     Died  In  Jan.  1885,  aged  27 

years. 
Cheney,  Miss  Margaret  S.,  Jamaica  Plain,  Mass.  (29). 
Clapp,  Asahel,  New  Albany,  lud.  (1).    Born  Oct.  5,  1792.    Died  Dec.  15, 

1862. 
Clark,  Henry  James,  Cambridge,  Mass.  (18).    Died  Jaly  1,  1878,  aged  47. 
Clark,  Joseph,  Cincinnati,  Ohio  (5). 
Clarke,  A.  B.,  Holyoke,  Mass.  (13). 
Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 

CofBn,  James  H.,  Easton,  Pa.  (1).    Bom  Sept.  6,  1806.  Died  Feb.  6,  1878. 
Cole,  Thomas,  Salem,  Mass.  (1).    Born  Dec.  24, 1779.    Died  June  24, 1852. 
Coleman,  Henry,  Boston,  Mass.  (1). 
Collins,  Frederick,  Washington,  D.  C.  (28).    Born  Dec.  5,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).    Bom  in  August,  1803. 

Died  August  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).    Born  Feb.  15, 1838.  Died  June  5, 1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).    Died  in  1864. 
Copes,  Joseph  S.,  New  Orleans,  La.  (11). 
Corning,  Erastus,  Albany,  N.  Y.  (6).    Bom  Dec.  14,  1794.    Died  April  9, 

1872. 
Couper,  James  Hamilton,  Darlen,  Ga.  (1).  Born  March  5, 1794.  Died  July 

3,  1866. 
Cramp,  J.  M.,  Wolfvllle,  N.  S.  (11).    Born  July  25,  1796.     Died  Dec.  6, 

1881. 
Crehore,  John  D.,  Cleveland,  Ohio  (24). 

Crocker,  Charles  F.,  Lawrence,  Mass.  (22).    Died  In  July,  1881. 
Crosby,  Alpheus,  Salem,  Mass.  (10).    Born  Oct.  13,  1810.    Died  Apr.  17, 

1874. 
Crosby,  Thomas  R.,  Hanover,  N.  H.  (18).      Born  Oct.  22,  1816.      Died 

March  1,  1872. 
Croswell,  Edwin,  Albany,  N.  T.  (6).    Born  in  May,  1797.    Died  June  18, 

1871. 
Curry,  W.  F.,  Geneva,  N.  Y.  (11). 
Curtis,  Josiah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1883. 

Dalrymple,  E.  A.,  Baltimore,  Md.  (11).    Died  Oct.  80,  1881. 
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Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Born  In  1U27.  Died  Jane  24,  1878. 

Dean,  Amos,  Albany,  N.T.  (6).    Born  Jan.  16,  1803.    Died  Jan.  26,  1868. 

Dearborn,  George  H.  A.  S.,  Roxbnry,  Mass.  (1). 

Dekay,  James  E.,  New  York,  N.  Y.  (1).  Bom  in  1792.  Died  Nov.  21,  1851. 

DeLaskI,  John,  Carver's  Harbor,  Me.  (18). 

Dewey.  Chester,  Rochester,  N.  Y.  (1).  Bom  Oct.  25,  1781.    Died  Dec.  16, 

1867. 
Dexter,  G.  M.,  Boston,  Mass.  (11). 
Dillingham,  W.  A.  P.,  Angosta,  Me.  (17). 
Dimmlck,  L.  N.,  Santa  Barbara,  Cal.  (29).    Died  May  SI,  1884. 
Doggett,  Mrs.  E^ate  N.,  Chicago,  111.  (17).    Died  March  12,  1884. 
Doggett,  Wm.  £.,  Chicago,  III.  (17).    Bom  Nov.  20,  1820.    Died  in  1876. 
DooUttle,  L.,  LenoxvlUe,  C.  E.  (11).    Died  in  1862. 
Dorr,  E.  P.,  Baffalo,  N.  Y.  (15).    Died  March  28, 1881. 
Draper,  Henry,  New  York,  N.  Y.  (28). 
Dncatel,  J.  T.,  Baltimore,  Md.  (1). 
Dnffleld,  George,  Detroit,  Mich.  (10).    Bom  Jaly  4, 1794.    Died  Jane  26, 

1869. 
Damont,  A.  H.,  Newport,  R.  I.  (14). 

Dancan,  Lncius  C,  New  Orleans,  La.  (10).    Died  Aag.  9,  1855,  aged  54. 
Dann,  B.  P.,  Providence,  R.  I.  (14). 

Easton,  Norman,  Fall  River,  Mass.  (14).    Died  Dec.  21,  1872. 

Eaton,  James  H.,  Beloit,  Wis.  (17).    Died  Jan.  5,  1877. 

Elsberg,  Louis,  New  York,  N.  Y.  (23).     Died  Feb.  19,  1885,  aged  48  years. 

Elwyn,  Alfred  L.,  Philadelphia,  Pa.  (1).    Died  March  15,  1884. 

Ely,  Charles  Arthur,  Elyrla,  Ohio  (4). 

Emerson,  Geo.  B.,  Boston,  Mass.  (1).  Bom  Sept.  12,  1797.    Died  March 

4,  1881. 
Emmons,  Ebenezer,  WlUiamstown,  Mass.  (1).    Bom  May  16,  1799.    Died 

October  1,  1863. 
Engelmann,  George,  St.  Louis,  Mo.  (1).     Born  Feb.  2,  1809.    Died  Feb. 

4,  1884. 
Engstrom,  A.  B.,  Burlington,  N.  J.  (1). 
Enstis,  Henry  L.,  Cambridge,  Mass.  (2).    Bom  Feb.  1,  1819.    Died  Jan. 

11,  1885. 
Everett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  15, 

1865. 
Ewlng,  Thomas,  Lancaster,  Ohio  (5).    Born  Dec.  28,  1789.    Died  Oct.  26, 

1871. 

Farles,  R.  J.,  Wanwatosa,  Wis.  (21).    Died  May  81,  1878. 

Farquharson,  Robeit  James,. Des  Moines,    Iowa.    (24).    Died  Sept.   6, 

1884. 
Ferris,  Isaac,  New  York,  N.  Y.  (6).    Bom  Oct.  9,  1798.    Died  June  16, 

1873. 

Feuchtwanger,  Lewis,  New  York,  N.  Y.  (11).    Died  June  25,  1876. 

Fillmore,  Millard,  Bufiklo,  N.  Y.  (7).    Bom  Jan.  7,  1800.    Died  March  8, 

Fisher,  Mark,  Trenton,  N.  J.  (10).  [1874. 
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Fitch,  Alexander,  Hartford,  Conn.  (1).    Bom  March  25, 1799.    Died  Jan.* 

20,  1869. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Died  Sept.  17,  1882,  in  his  80th  year. 
Forbush,  £.  B.,  Buffalo,  K.  T.  (16). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nov.  26,  1790.    Died  Jan.  28, 

1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26). 

Forshey,  Caleb  O.,  New  Orleans,  La.  (21).    Died  in  Aug.,  1881. 
Foster,  John  W.,  Chicago,  111.  (1).    Born  March  4,  1816.    Died  June  29, 

1873. 
Foncon,  Felix,  Madison,  Wis.  (18).   ' 
Fowle,  Wm.  B.,  Boston,  Mass.  (1).    Bom  Oct.  17,  1795.    Died  Feb.  6, 

1866. 
Fox,  Charles,  Grosse  lie,  Mich.  (7). 
Frazer,  John  F.,  Philadelphia,  Pa.  (1).    Bom  July  8,  1812.    Died  Oct.  12, 

1872. 
French,  J.  W.,  West  Point,  N.  T.  (11). 

Garber,  A.  P.,  Columbia,  Pa.  (29).    Died  Aug.  26,  1881. 

Gavlt,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (1).    Died  Jan.  12,  1860,  aged  46. 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (8). 

Gillespie,  W.  M.,  Schenectady,  N.  Y.  (10).   Bom  in  1816.     Died  Jan'y  1, 

1868. 
Gilmor,  Robert,  Baltimore,  Md.  (1). 

Glazier,  W.  W.,  Key  West,  Fla.  (29).  Died  Dec.  11,  1880. 
Goldmark,  J.,  New  York,  N.  Y.  (29).  Died  in  April,  1882. 
Gould,  Augustus  A.,  Boston,  Mass.  (11).    Born  April  28,  1805.     Died 

Sept.  16,  1866. 
Gould,  B.  A.,  Boston,  Mass.  (2).  Born  June  15,  1787.  Died  Oct.  24, 1859. 
Graham,  James  D.,  Washington,  D.  C.  (1).    Bom  in  1799.  Died  Dec.  28, 

1866. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (18).    Born  in  1808.  Died  March  10,  1860. 
Gray,  James  H.,  Springfield,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  in  1864. 
Greene,  Samuel,  Woonsocket,  R.  I.  (9).    Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20).    Died  in  Feb.,  1874. 
Griffith,  Robert  B.,  Philadelphia,  Pa.  (1). 

Griswold,  John  A.,  Troy,  N.  Y.  (19).    Born  in  1822.    Died  Oct.  81,  1872. 
Guest,  William  £.,  Ogdensburg,  N.  Y.  (6). 
Gnyot,  Arnold,  Princeton,  N.  J.  (1).    Bom  Sept.  5, 1809.    Died  Feb.  8, 

1884. 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Born  March  9,  1809.    Died 

January  10,  1861. 
Hadley,  George,  Buffalo,  N.  Y.  (6).    Bom  June,  1818.  Died  Oct.  16, 1877. 
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Haldeman,  S.  S.,  Chickies,  Pa.  (1).    Died  Sept.  10,  18d0,  aged  68. 
Hale,  Enoch,  Boston,  Mass.  (1).    Born  Jan.  29,  1790.  Died  Nov.  12, 1848. 
Hance,  Ebenezer,  Fallsington  P.  0.,  Pa.  (7).    Died  in  1876. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17,  1781.     Died  May  16, 

1858. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Bichard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeas  W.,  Cambridge,  Mass.  (1).    Born  Nov.  12,  1795.    Died 

Jan.  16,  1866. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Jos.,  Jr.,  Philadelphia,  Pa.  (12). 

Hart,  Simeon,  Farmington,  Conn.  (1).    Died  April  20,  1868,  aged  67. 
Hartt,  Charles  F.,  Ithaca,  N.  T.  (18).    Born  in  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111.  (17).   Born  Jan.  4,  1816.   Died  May  23,  1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).    Born  Dec.  31,  1848.    Died 

June  22,  1882. 
Hayden,  H.  H.,  Baltimore,  Md.  (1). 
Hayes,  George  £.,  Buffalo,  N.  Y.  (16). 

Hay  ward,  James,  Boston,  Mass.  (1).    Died  July  27,  1866,  aged  80. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29).    Died  July  9,  1883,  in  his 

89th  year. 
Henry,  Jos.,  Washington,  D.C.(l).  Born  Dec.  17, 1797.  Died  May  13, 1878. 
Hlckox,  S.  V.  R.,  Chicago,  III.  (17).    Died  in  1872. 
Hilgard,  Theo.  C,  St.  Louis,  Mo.  (17).    Born  Feb.  28, 1828.  Died  Mch.  5, 

1875. 
Hill,  Walter  N.,  Chester,  Pa.  (29).    Born  April  16, 1846.    Died  March  29, 

1884. 
Hincks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amherst,  Mass.  (1).    Born  May  24, 1798.    Died  Feb. 

27,  1864. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Born  1816. 
Holbrook,  John  E.,  Charleston,  S.  C.  (1).     Born  Dec.  31,  1796.    Died 

Sept.  8,  1871. 
Hopkins,  Albert,  Williamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  G.,  Ogdensburg,  N.  Y.  (10).    Died  in  1860. 
Hopkins,  T.  O.,  WlUIamsvllle,  N.  Y.  (10).    Died  in  1866. 
Hopkins,  Wm.,  Lima,  N.  Y.  (5.)     Died  in  March,  1867. 
Horton,  C.  V.  R.,  Chaumont,  N.  Y.  (10).    Died  in  1862. 
Horton,  William,  CraigvUle,  N.  Y.  (1). 
Hosford,  BenJ.  F.,  Haverhill,  Mass.  (13).    Died  In  1864. 
Houghton,  Douglas,  Detroit,  Mich.   (1).    Born  Sept.  21,  1809.    Died 

Oct.  18,  1646. 
Hovey,  Edmund  O.,  Crawfordsville,  Ind.  (20).    Born  July  15,  1801.    Died 

March  10,  1877. 
Howland,  Theodore,  Buffalo,  N.  Y.  (15). 
Hubbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  In  1868. 
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Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Born  Jane  15,  1832.    Died 

Oct.  2,  1863. 
Hont,  Freeman,  New  Tork,  N.  Y.  (11).    Bom  March  21,  1804.    Died 

March  2,  1858. 

Ives,  Moses  B.,  ProTldence,  R.  I.  (9).    Died  In  1857. 
Ives,  Thomas  P.,  Providence,  B.  I.  (10). 

Jackson,  Charles  T.,  Boston,  Mass.   (1).    Bom  June  21,  1806.    Died 

Aug.  29,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bom  Sept.  1, 1803.    Died 

Feb.  22,  1882. 
Johnson,  Walter  R.,  Washington,  D.  C.  (1).     Born  Jnne  21, 1794.     Died 

April  26,  1852. 
Johnson,  William  Schuyler,  Washington,  D.  C.  (81).     Born  Sept.  20, 

1859.    Died  Oct.  6,  1888. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  Henry  A.,  Portland,  Me.  (29).    Died  Sept.  8, 1883. 
Jones,  James  H.,  Boston,  Mass.  (28). 

ft 

Kedzie,  W.  K.,  Oberlin,  Ohio  (25). 

Keely,  George  W.,  Waterville,  Me.  (1).    Died  in  1878. 

Keep,  N.  C,  Boston,  Mass.  (18).    Died  in  March,  1875. 

Kennioott,  Robert,  West  Northfleld,  111.  (12).    Born  Nov.  13,  1885.    Died 

in  1866. 
King,  Mitchell,  Charleston,  S.  C.  (8).    Bora  June  8,  1783.    Died  in  1862. 
Kite,  Thomas,  Cincinnati,  Ohio  (5).    Died  Feb.  6, 1884. 
Kllppart,  John  H.,  Columbus,  Ohio  (17).    Died  October,  1878. 
Knickerbocker,  Charles,  Chicago,  111.  (17).    Died  in  1873. 
Knight,  J.  B.,  PhUadelphia,  Pa.  (21).    Died  March  10,  1879. 


Lacklan,  R.,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  A.,  Milwaukee,  Wis.  (3).    Bom  Mch.  7,  1811.    Died 

Sept.  14,  1875. 
LaRoche,  R.,  Philadelphia,  Pa.  (12). 
Lasel,  Edward,  Wllliamstown,  Mass.  (1).    Born  Jan.  21,  1809.    Died  In 

1852. 
Lawford,  Frederick,  Montreal,  Canada  (11>.    Died  in  1866. 
Le  Conte,  John  L.,  Philadelphia,  Pa.  (1).    Died  Nov.  15,  1883. 
Lederer,  Baron  von,  Washington,  D.  C.  (1). 
Lieber,  Oscar  M.,  Columbia,  S.  C.  (8).     Bom  Sept.  8,  1830.    Died  June 

27,  1862. 
Llncklaen,  Ledyard,  Cazenovla,  N.  T.  (1). 
Llnsley,  James  H.,  Staiford,  Conn.  (1)»    Born  May  5,  1787.  Died  Dec.  26, 

1843. 
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Lock  wood,  Moses  B.,  Providence,  R.  I.  (9).     Died  In  1872. 

Logan,  William  £.,  Montreal,  Canada  (1).    Born  April  28,  1798.    Died 

Jane  22,  1876. 
Loosey,  Charles  F.,  New  York,  N.  T.   (12). 
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ADDRESS 

BY 

PROFESSOR   O.  A.   YOUNG, 

THE  RETIRING  PRESIDENT  OF  THE  ASSOCIATION. 


PENDING  PROBLEMS  IN  ASTRONOMY. 


Mr.  President,   Ladies    and    Gentlemen    of    the    American 
Association  for  thb  Advancement  of  Science  :  — 

Thirtt-six  years  ago  this  vei*y  month,  in  this  city,  and  near  the 
place  where  we  are  now  assembled,  the  American  Association  for 
the  Advancement  of  Science  was  organized,  and  held  its  first  meet- 
ing.    Now,  for  the  first  time,  it  revisits  its  honored  birthplace. 

Few  of  those  present  this  evening  were,  I  suppose,  in  attendance 
upon  that  first  meeting.  Here  and  there,  among  the  members  of 
the  association,  I  see,  indeed,  the  venerable  faces  of  one  and  an- 
other, who,  at  that  time  in  the  flush  and  vigor  of  early  manhood, 
participated  in  its  proceedings  and  discussions;  and  there  are 
others,  who,  as  boys  or  youths,  looked  on  in  silence,  and  listening 
to  the  words  of  Agassiz  and  Peirce,  of  Bache  and  Henry,  and  the 
Rogers  brothers  and  their  associates,  drank  in  that  inspiring  love 
of  truth  and  science  which  ever  since  has  guided  and  impelled  their 
lives.  Probably  enough,  too,  there  may  be  among  our  hosts  in  the 
audience  a  few  who  remember  that  occasion,  and  were  present  as 
spectators. 

But,  substantially,  we  who  meet  here  to-day  are  a  new  genera- 
tion, more  numerous  certainly,  and  in  some  respects  unquestion- 
ably better  equipped  for  our  work,  than  our  predecessors  were ; 
though  we  might  not  care  to  challenge  comparisons  as  regards  na- 
tive ability,  or  clearness  of  insight,  or  lofty  purpose. 

And  the  face  of  science  has  greatly  changed  in  the  meantime  ;  as 
much,  perhaps,  as  have  this  great  city  and  the  nation.  One  might 
almost  say,  that,  since  1848,  '^  all  things  have  become  new"  in  the 
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sclontiflc  world.  There  is  a  new  mathematics  and  a  new  astronomy, 
a  new  chemistry  and  a  new  electricity,  a  new  geology  and  a  new 
biology.  Great  voices  have  spoken,  and  have  transformed  the 
world  of  thougiit  and  research  as  much  as  the  material  products  of 
science  have  altered  the  aspects  of  external  life.  The  telegraph 
and  dynamo-machine  have  not  more  changed  the  conditions  of 
business  and  industry  than  the  speculations  of  Darwin  and  Helm- 
holtas  and  their  compeers  have  affected  those  of  philosophy  and 
Boionco. 

But,  although  this  return  to  our  birthplace  suggests  retrospec- 
tions and  comparisons  which  might  profitably  occupy  our  attention 
for  even  a  much  longer  time  than  this  evening's  session,  I  prefer, 
on  the  whole,  to  take  a  diffei*ent  course ;  looking  forwards  rather 
than  backwaixls,  and  confining  myself  mainly  to  topics  which  lie 
along  my  own  line  of  work. 

The  voy  t\ger,  U|H)n  the  inland  sea  of  Japan,  sees  continually  ris- 
ing iH^foi'o  him  new  islands  and  mountains  of  that  fair}*land.  Some 
como  out  suildouly  Ax>m  Whind  neai^r  rocks  or  islets,  which  long 
iHrnct^aUHl  the  greater  things lH\voud  ;  and  some  are  veiled  in  clouds 
which  give  no  hint  of  what  they  hide«  until  a  breeze  rolls  back  the 
curtain :  $ome«  an\l  the  greatest  of  them  alU  are  first  seen  as  the 
minutest  sp*vk  m^hui  the  horizon,  and  grow  slowly  to  their  final 
gramleur*  Kven  Wfv^re  they  ivach  the  iK^r izou  line,  while  yet  in- 
visible* they  ;^\nnetime*  intimate  thoir  presence  by  signs  in  sky  and 
air;  ^^  slight,  iuvUhnU  that  only  the  pi^ct:$evl  eye  of  the  skilful 
saiUnr  ^"^u  vWte\*t  thtnu*  thvHi$;h  v^uite  obxwHis  to  h:ui* 

^^ui^\^h^t  5^\  a*  >ike  Uvk  tVu^narvl  ii^:o  ;he  tuzurv  of  a  science,  we 
*e<*  new  luvl^ows  auvi  ^tvAt  suV^v:;^  j*rv:^;r:.:j^  :l.<*nis*I\es^.  S>aie 
s^u"-  ui^tviuicut  avxi  iu  ih^'  >fc»Y,  —  ;lv\  u^u?^;  N*  vU-a1;  wi:ii  at  onc«, 
K^tvHV  lut^/vH'  ^^v^^tvs^f^  CAU  Iv  uui.U*;  ot'jLv:^  an?  BLvrv  r>?3i\:£elv 

v*i*  ;.<  wv:  .:     ^  ^5^:v.\s^*."S>  v\  .Hfcsliv.v: .  x  x  —  *,-'Cc^  >»-.vi  <«;<{xi  to  b« 

t^».v   «5^  i.-N^  ',  X"c<  ,.\v;  .  s'  "Jv\i  t.>^x  >%%*    ^*  v>     iv   ;.»v'>-  oij:>  -m  2  ca 

r^  >i^'     -'-i-^   *.Vvx\,  V»ix   A.-V.    ,  iC  sVu.x.,viv^    Vk     *>   ,Vfc^>  ^ivi    4^;^. 
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I  think  the  impression  prevails,  that  we  already  know  the  earth's 
dimensions  with  an  accuracy  even  greater  than  that  required  by 
an\'  astronomical  demands.  I  certainly  had  that  impression  myself 
not  long  ago,  and  was  a  little  startled  on  being  told  by  the  super- 
intendent of  oar  Nautical  almanac  that  the  remaining  uncertainty 
is  still  sufficient  to  prodnce  serious  embarrassment  in  the  reduc- 
tion and  comparison  of  certain  lunar  observations.  The  length  of  the 
line  joining,  say,  the  Naval  observatory  at  Washington  with  the 
Royal  observatory  at  Cape  of  Good  Hope,  is  doubtful ;  not  to 
the  extent  of  only  a  few  hundred  feet,  as  commonly  supposed,  but 
the  uncertainty  amounts  to  some  thousands  of  feet,  and  may  pos- 
sibly be  a  mile  or  more  —  probably  not  less  than  a  ten* thousandth 
of  the  whole  distance ;  and  the  direction  of  the  line  is  uncertain  in 
about  the  same  degree.  Of  course,  on  those  portions  of  either 
continent  which  have  been  directly  connected  with  each  other  by 
geodetic  triangulations,  no  cori*esponding  uncertainty  obtains  ;  and 
as  time  goes  on,  and  these  surveys  are  extended,  the  foi-m  and  di- 
mensions of  each  continuous  land-surface  will  become  more  and 
more  perfectly  determined.  But  at  present  we  have  no  satisfac- 
tory means  of  obtaining  the  desired  accuracy  in  the  relative  posi-. 
tion  of  places  separated  by  oceans,  so  that  the}*  cannot  be  connected 
by  chains  of  triangulation.  Astronomical  determinations  of  lati- 
tude and  longitude  do  not  meet  the  case ;  since,  in  the  last  analy- 
sis, they  only  give  at  any  selected  station  the  direction  of  gravity 
relative  to  the  axis'  of  the  earth  and  some  fixed  meridian  plane, 
and  do  not  furnish  any  linear  measurement  or  dimension. 

Of  course,  if  the  surface  of  the  earth  were  an  exact  spheroid,  and 
if  there  were  no  irregular  attractions  due  to  mountains  and  valle3*s 
and  the  varying  density  of  strata,  the  difficulty  could  be  easily 
evaded  ;  but,  as  the  matter  stands,  it  looks  as  if  nothing  short  of 
a  complete  geodetic  triangulation  of  the  whole  earth  would  ever 
answer  the  purpose, — a  triangulation  covering  Asia  and  Africa, 
as  well  as  Europe,  and  brought  into  America  by  the  way  of  Siberia 
and  Behring's  Strait. 

It  is  indeed  theoretically  possible,  and  just  conceivable,  that  the 
problem  may  some  day  be  reversed,  and  that  the  geodesist  may 
come  to  owe  some  of  his  most  important  data  to  the  observers  of 
the  lanar  motions.  When  the  relative  position  of  two  or  more  re- 
mote observatories  shall  have  been  precisely  determined  by  triang- 
nlation  (for  instance,  Greenwich,  Madras,  and  the  Cape  of  Good 
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Hope),  and  when,  by  improved  methods  and  obserrattons  made  at 
these  fundamental  stations,  the  moon's  position  and  motion  rela* 
tive  to  them  shall  have  been  determined  with  an  accuracy  much 
exceeding  anything  now  attainable,  then  by  similar  obsenrations, 
made  simultaneously  at  any  station  in  this  hemisphere,  it  will  be 
theoretically  possible  to  determine  the  position  of  this  station,  and 
so,  by  the  way  of  the  moon,  to  bridge  the  ocean,  and  ascertain  how 
other  stations  are  related  to  those  which  were  taken  as  primary. 
I  do  not,  of  course,  mean  to  imply,  that,  in  tlie  present  state  of  ob- 
servational astronomy,  any  such  procedure  would  lead  to  results 
of  much  value ;  but,  before  the  Asiatic  triangulation  meets  the 
American  at  Behring's  Strait,  it  is  not  unlikely  that  the  accuracy  of 
lunar  observations  will  be  greatly  increased. 

The  present  uncertainty  as  to  the  earth's  dimensions  is  not,  how- 
ever, a  sensible  embarrassment  to  astronomers,  except  in  dealing 
with  the  moon ;  especially  in  attempting  to  employ  observations 
made  at  remote  and  ocean-separated  stations  for  the  determination 
of  her  parallax. 

As  to  the  form  of  the  earth,  it  seems  pretty  evident  that  before 
« long  it  will  be  wise  to  give  up  further  attempts  to  determine  ex- 
actly what  spheroid  or  ellipsoid  most  neariy  corresponds  to  the  act- 
ual figure  of  the  earth ;  since  every  new  continental  survey  will 
require  a  modification  of  the  elements  of  this  spheroid  in  order  to 
take  account  of  the  new  data.  It  will  be  better  to  assume  some 
closely  approximate  spheroid  as  a  finality ;  its  elements  to  be 
forever  retained  unchangeil,  while  the  deviations  of  the  actual  sur- 
face from  this  ideal  standard  will  be  the  subject  of  continued  in- 
vestigation and  measurement. 

A  more  important  and  anxious  question  of  the  modem  astrono- 
mer is  this.  Is  the  earth's  rotation  uniform,  and.  if  not,  in  what  way 
and  to  what  extent  does  it  vary?  The  importance,  of  course,  lies 
in  the  fact  that  this  rotation  furnishes  our  fundamental  measure 
and  unit  of  time. 

Up  to  a  comparatively  recent  date,  there  has  not  been  reason  to 
su§i>ect  this  unit  of  any  variation  sufficient  to  be  detecteii  by 
human  observation.  It  has  long  been  perceiveti,  of  course,  that 
any  changes  in  the  earth's  form  or  dimensions  must  alter  the 
length  of  the  day.  The  displacement  of  the  surface  or  strata  bj 
earthquakes  or  by  more  gradual  elevation  and  subsidence,  the 
transportation  of  matter  towards  or  from  the  equator  by  rivers  or 
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ocean  currents,  the  accumulation  or  removal  of  ice  in  the  polar 
regions  or  on  mountain-tops,  —  any  such  causes  must  necessarily 
produce  a  real  effect.  So,  also,  must  the  friction  of  tides  and 
ti'ade-winds.  But  it  has  been  supposed  that  these  effects  were  so 
minute,  and  to  such  an  extent  mutually  compensatory,  as  to  be 
quite  beyond  the  reach  of  observation ;  nor  is  it  yet  certain  that 
they  are  not.  All  that  can  be  said  is,  that  it  is  now  beginning  to 
be  questionable  whether  they  are,  or  are  not. 

The  reason  for  suspecting  perceptible  variation  in  the  earth's 
revolution  lies  mainly  in  certain  unexplained  irregularities  in  the 
apparent  motions  of  the  moon.  She  alone,  of  all  the  heavenly 
bodies,  changes  her  place  in  the  sky  so  rapidly,  that  minute  inac- 
curacies of  a  second  or  two  in  the  time  of  observation  would  lead 
to  sensible  discrepancies  in  the  observed  position  ;  an  error  of  one 
second,  in  the  time,  corresponding  to  about  half  a  second  in  her 
place, — a  quantity  minute,  certainly,  but  perfectly  observable. 
No  other  heavenly  body  has  an  apparent  movement  anywhere 
nearly  as  rapid,  excepting  only  the  inner  satellite  of  Mars ;  and 
this  body  is  so  minute  that  its  accurate  observation  is  impractica- 
ble, except  with  the  largest  telescopes,  and  at  the  times  when 
Mars  is  unusually  near  the  earth. 

Now,  of  late,  the  motions  of  the  moon  have  been  very  carefully 
investigated,  both  theoretically  and  observationally  ;  and,  in  spite 
of  everything,  there  remain  discrepancies  which  defy  explanation. 
We  are  compelled  to  admit  one  of  three  things,  — either  the  lunar 
theory  is  in  some  degree  mathematically  incomplete,  and  fails  to 
represent  accurately  the  gravitational  action  of  the  earth  and  sun, 
and  other  known  heavenly  bodies,  upon  her  movements ;  or  some 
unknown  force  other  than  the  gravitational  attractions  of  these 
bodies  is  operating  in  the  case ;  or  else,  finally,  the  earth's  rot£^ 
tional  motion  is  more  or  less  irregular,  and  so  affects  the  time- 
reckoning,  and  confounds  prediction. 

If  the  last  is  really  the  case,  it  is  in  some  sense  a  most  discour- 
aging fact,  necessarily  putting  a  limit  to  the  accuracy  of  all  pre- 
diction, unless  some  other  unchanging  and  convenient  measure  of 
time  shall  be  found  to  replace  the  "  day  "  and  '•  second. " 

The  question  at  once  presents  itself.  How  can  the  constancy 
of  the  day  be  tested?  The  lunar  motions  furnish  grounds  of  sus- 
picion, but  nothing  more ;  since  it  is  at  least  likely  that  the  math- 
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ematical  theory  is  minntely  incorrect  or  incomplete  as  that  the  day 
is  sensibly  variable. 

Up  to  the  present  time,  the  most  effective  tests  suggested  are 
from  the  transits  of  Mercury  and  from  the  eclipses  of  Jupiter's 
satellites.  On  the  whole,  the  result  of  Professor  Newcomb's  elab- 
orate and  exhaustive  investigation  of  all  the  observed  transits,  to- 
gether with  all  the  available  eclipses  and  occnltations  of  stars, 
tends  rather  to  establish  the  sensible  constancy  of  the  day,  and  to 
make  it  pretty  certain  (to  use  his  own  language)  that  ^^dnequali- 
Uies  in  the  lunar  motions,  not  accounted  for  by  the  theory  of  grav- 
'  itation,  really  exist,  and  in  such  a  way  that  the  mean  motion  of 
'  the  moon  between  1800  and  1875  was  really  less  (i.e.,  slower) 
'than  between  1720  and  1800.*'  Until  lately,  the  observations  of 
Jupiter's  satellites  have  not  been  made  with  sufBcient  accuracy  to 
beofan3'use  in  settling  so  delicate  a  question;  but  at  present 
the  observation  of  their  eclipses  is  being  carried  on  at  Cambridge, 
Mass.,  and  elsewhere,  by  methods  that  promise  a  great  increase  of 
accuracy  over  anything  preceding.  Of  course,  no  speedy  solution 
of  the  problem  is  possible  through  such  observations,  and  their  re- 
sult will  not  be  so  free  from  mathematical  complications  as  desir- 
able,—  complications  arising  from  the  mutual  action  of  the 
satellites,  and  the  ellipsoidal  form  of  the  planet.  On  account  of 
its  freedom  from  all  sensible  disturbances,  the  remote  and  solitary 
satellite  of  Neptune  may  possibly  some  time  contribute  useful  data 
to  the  problem. 

We  have  not  time,  and  it  lies  outside  my  present  scope,  to  dis- 
cuss, whether,  and,  if  so,  how,  it  may  be  possible  to  find  units  of 
time  and  length  which  shall  be  independent  of  the  earth's  condi- 
tions and  dimensions ;  free  from  all  local  considerations^  cosmical, 
and  as  applicable  in  the  planetary  system  of  the  remotest  star  as 
in  our  own.  At  present  we  can  postpone  its  consideration  ;  but 
the  time  must  unquestionably  come,  when  the  accuracy  of  scien- 
tific observation  will  be  so  far  increased,  that  the  irregularities  of 
the  earth's  rotation,  produced  by  the  causes  alluded  to  a  few  min- 
utes ago,  will  protrude,  and  become  intolerable.  Then  a  new  unit 
of  time  will  have  to  be  found  for  scientific  purposes,  founded,  per- 
haps, as  has  been  already  suggested  by  many  phj^sicists,  upon  the 
vibrations  or  motion  of  light,  or  upon  some  other  physical  action 
which  pervades  the  universe. 
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Another  problem  of  terrestrial  astronomy  relates  to  the  constancy 
of  the  position  of  the  earth's  axis  in  the  globe.  Jast  as  displace- 
ments of  matter  upon  the  surface  or  in  the  interior  of  the  earth 
would  produce  changes  in  the  time  of  rotation,  so  also  would  they 
cause  corresponding  alterations  in  the  position  of  the  axis  and  in 
the  places  of  the  poles, — changes  certainly  very  minute.  The 
only  question  is,  whether  they  are  so  minute  as  to  defy  detection. 
It  is  easy  to  see  that  any  such  displacements  of  the  earth's  axis 
will  be  indicated  by  changes  in  the  latitudes  of  our  observatories. 
If,  for  instance,  the  pole  were  moved  a  hundred  feet  from  its  pres- 
ent position  towards  the  continent  of  Europe,  the  latitudes  of  Euro- 
pean observatories  would  be  increased  about  one  second,  while  in 
Asia  and  America  the  effects  would  be  trifling. 

The  only  observational  evidence  of  such  movements  of  the  pole, 
which  thus  far  amounts  to  anything,  is  found  in  the  results  obtained 
by  Nyren  in  reducing  the  determinations  of  the  latitude  of  Pul- 
kowa,  made  with  the  great  vertical  circle,  during  the  last  twenty- 
five  years.  They  seem  to  show  a  slow,  steady  diminution  of  the 
latitude  of  this  observatory,  amounting  to  about  a  second  in  a  cen- 
tury ;  as  if  the  north  pole  were  drifting  away,  and  increasing  its 
distance  from  Pulkowa  at  the  rate  of  about  one  foot  a  year.  The 
Greenwich  and  Paris  observations  do  not  show  any  such  result; 
but  they  are  not  conclusive,  on  account  of  the  difference  of  lon- 
gitude, to  say  nothing  of  their  inferior  precision.  The  question  is 
certainly  a  doubtful  one ;  but  it  is  considered  of  so  much  impor- 
tance, that,  at  the  meeting  of  the  International  geodetic  associa- 
tion in  Rome  last  year,  a  resolution  was  adopted  recommending 
observations  specially  designed  to  settle  it.  The  plan  of  Sig.  Fer- 
gola,  who  introduced  the  resolution,  is  to  select  pairs  of  stations, 
having  nearly  the  same  latitude,  but  differing  widely  in  longitude, 
and  to  determine  the  difference  of  their  latitudes  by  observations 
of  the  same  set  of  stars,  observed  with  similar  instruments,  in  the 
same  manner,  and  reduced  by  the  same  methods  and  formulae. 
So  far  as  possible,  the  same  observers  are  to  be  retained  through  a 
series  of  years,  and  are  frequently  to  exchange  stations  when  prac- 
ticable, so  as  to  eliminate  personal  equations.  The  main  diffi- 
culty of  the  problem  lies,  of  course,  in  the  minuteness  of  the  effect 
to  be  detected ;  and  the  only  hope  of  success  lies  in  the  most  scru- 
pulous care  and  precision  in  all  the  operations  involved. 

Other  problems,  relating  to  the  rigidity  of  the  earth  and  its  in- 
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ternal  constitution  and  temperature,  have,  indeed,  astronomical 
bearings,  and  may  be  reached  to  some  extent  by  astronomical 
methocTs  and  considerations ;  but  they  lie  on  the  border  of  our  sci- 
ence, and  time  forbids  anything  more  than  their  mere  mention 
here. 

If  we  consider,  next,  the  problems  set  us  by  the  moon,  we  find 
them  numerous,  important  and  difficult.  A  portion  of  them  are 
purely  mathematical,  relating  to  her  orbital  motion ;  while  others 
are  physical,  and  have  to  do  with  her  surface,  atmosphere,  heat, 
etc. 

As  has  already  been  intimated,  the  lunar  theory  is  not  in  a  satis- 
factory state.  I  do  not  mean,  of  course,  that  the  moon's  deviations 
from  the  predicted  path  are  gross  and  palpable, — such,  for  instance 
as  could  be  perceived  by  the  unaided  eye  (this  I  say  for  the  bene- 
fit of  those  who  otherwise  might  not  understand  how  small  a  mat- 
ter sets  astronomers  to  grumbling)  ;  but  they  are  large  enough  to 
be  easily  observable,  and  even  obtrusive,  amounting  to  several 
seconds  of  arc,  or  miles  of  space.  As  we  have  seen,  the  attempt 
to  account  for  them  by  the  irregularity  of  the  earth's  rotation  has 
apparently  failed  ;  and  we  are  driven  to  the  conclusion,  either  that 
other  forces  than  gravitation  are  operative  upon  the  lunar  motions, 
or  else  (what  is  far  more  probable,  considering  the  past  history  of 
theoretical  astronomy)  that  the  mathematical  theory  is  somewhere 
at  fault. 

To  one  looking  at  the  matter  a  little  from  the  outside,  it  seems 
as  if  that  which  is  most  needed  just  now,  in  order  to  secure  the 
advance  of  science  in  many  directions,  is  a  new,  more  comprehen- 
sive, and  more  manageable  solution  of  the  fundamental  equations 
of  motion  under  attraction.  Far  be  it  from  me  to  cry  out  against 
those  mathematicians  who  delight  themselves  in  transcendental  and 
n-dimensional  space,  and  revel  in  the  theory  of  numbers, —  we  all 
know  how  unexpectedly  discoveries  and  new  ideas  belonging  to 
one  field  of  science  find  use  and  application  in  widely  difiering  le- 
gions,— but  I  own,  I  feel  much  more  interest  in  the  study  of  the 
theory  of  functions  and  differential  equations,  and  expect  more  aid 
for  astronomy  from  it. 

The  problem  of  any  number  of  bodies,  moving  under  their  mu- 
tual attraction,  according  to  the  Newtonian  laws,  stands,  from  a 
physical  point  of  view,  on  precisely  the  same  footing  as  that  of  two 
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bodies.  Given  the  masses,  and  the  positions  and  velocities  cor- 
responding to  any  moment  of  time,  then  the  whole  configuration  of 
the  system  for  all  time,  past  and  future  (abstracting  outside  forces, 
of  course),  is  absolutely  determinate,  and  amenable  to  calcula- 
tion. But  while,  in  the  case  of  two  bodies,  the  calculation  is  easy 
and  feasible  by  methods  known  for  two  hundred  years,  our  analy- 
sis has  not  yet  mastered  the  general  problem  for  more  than  two. 
In  special  instances,  by  computations,  tedious,  indirect,  and  ap- 
proximate, we  can,  indeed,  carryour  predictions  forward  over  long 
periods,  or  indicate  past  conditions  with  any  required  degree  of 
accuracy ;  but  a  general  and  universally  practicable  solution  is 
yet  wanting.  The  difficulties  in  the  way  are  purely  mathematical : 
a  step  needs  to  be  taken,  corresponding  in  importance  to  the  in- 
troduction of  the  circular  functions  into  trigonometry,  the  inven- 
tion of  logarithms,  or  the  discovery  of  the  calculus.  The  problem 
confronts  the  astronomer  on  a  hundred  different  roads ;  and,  until 
it  is  overcome,  progress  in  these  directions  must  be  slow  and  pain- 
ful. One  could  not  truly  say,  perhaps,  that  the  lunar  theory  must, 
in  the  meanwhile,  remain  quite  at  a  standstill :  labor  expended  in 
the  old  ways,  upon  the  extension  and  development;  of  existing 
methods,  may  not  be  fruitless,  and  may,  perhaps,  after  a  while, 
effect  the  reconcilement  of  prediction  and  observation  far  beyond 
the  present  limits  of  accuracy.  But  if  we  only  had  the  mathemat- 
ical powers  we  long  for,  then  progress  would  be  as  by  wings :  we 
should  fly,  where  now  we  crawl. 

As  to  the  physical  problems  presented  by  the  moon,  the  ques- 
tions relating  to  the  light  and  heat — the  radiant  energy  —  it  sends 
us,  and  to  its  temperature,  seem  to  be  the  most  attractive  at  present, 
especially  for  the  reason  that  the  results  of  the  most  recent  inves- 
tigators seem  partially  to  contradict  those  obtained  by  their  pred- 
ecessors some  years  ago.  It  now  looks  as  if  we  should  have  to 
admit  that  nearly  all  we  receive  ft'om  the  moon  is  simply  reflected 
radiation,  and  that  the  temperature  of  the  lunar  surface  nowhere 
rises  as  high  as  the  freezing-point  of  water,  or  even  of  mercury. 
At  the  same  time,  some  astronomers  of  reputation  are  not  dis- 
.  posed  to  admit  such  an  upsetting  of  long-received  ideas ;  and  it  is 
quite  certain,  that,  in  the  course  of  the  next  few  years,  the  sub- 
ject will  be  carefully  and  variously  investigated. 

Closely  connected  with  this  is  the  problem  of  a  lunar  atmosphere 
— if,  indeed,  she  have  any. 
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Then  there  is  the  very  interesting  discussion  concerning  changes 
upon  the  moon's  surface.  Considering  tlie  difference  between  our 
modern  telescopes  and  those  emplo3'ed  fifty  or  a  hundred  years 
ago,  I  think  it  still  far  from  certain  that  the  differences  between  the 
representations  of  earlier  and  later  observers  necessarily  imply 
any  real  alterations.  But  they,  no  doubt,  render  it  considerably 
probable  that  such  alterations  have  occurred,  and  are  still  in  prog- 
ress, and  they  justify  a  persistent,  careful,  minute,  and  thorough 
study  of  the  details  of  the  lunar  surface  with  powerful  instruments : 
especially  do  they  inculcate  the  value  of  large-scale  photographs, 
which  can  be  preserved  for  future  comparison  as  unimpeachable 
witnesses. 

I  will  not  leave  the  moon  without  a  word  in  respect  to  the  re- 
markable speculations  of  Professor  George  Darwin  concerning  the 
tidal  evolution  of  our  satellite.  Without  necessarily  admitting  all 
the  numerical  results  as  to  her  age  and  her  past  and  future  history, 
one  may  certainly  say  that  he  has  given  a  most  plausible  and  satis- 
factory explanation  of  the  manner  in  which  the  present  state  of 
things  might  have  come  about  through  the  operation  of  causes 
known  and  recognized,  has  opened  a  new  field  of  research,  and 
shown  the  way  to  new  dominions.  The  introduction  of  the  doc- 
trine of  the  conservation  of  energy,  as  a  means  of  establishing  the 
conditions  of  motion  and  configuration  in  an  astronomical  system, 
is  a  very  important  step. 

In  the  planetary  system  we  meet,  in  the  main,  the  same  prob- 
lems as  those  that  relate  to  the  moon,  with  a  few  cases  of  special 
interest. 

For  the  most  part,  the  accordance  between  theory  and  observa- 
tion in  the  motions  of  the  larger  planets  is  as  close  as  could  be  ex- 
pected. The  labors  of  Leverrier,  Hill,  Newcomb,  and  others,  have 
so  nearly  cleared  the  field,  that  it  seems  likely  that  several  decades 
will  be  needed  to  develop  discrepancies  sufllcient  to  furnish  any 
important  corrections  to  our  present  tables.  Leverrier  himself, 
however,  indicated  one  striking  and  significant  exception  to  the 
general  tractableness  of  the  planets.  Mercury,  the  nearest  to 
the  sun,  and  the  one,  therefore,  which  ought  to  be  the  best  be- 
haved of  all,  is  rebellious  to  a  certain  extent :  the  perihelion  of 
its  orbit  moves  around  the  sun  more  rapidly  than  can  be  explained 
by  the  action  of  the  other  known  planets.    The  evidence  to  this 
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effect  has  been  continually  accumulating  ever  since  Leverrier  first 
announced  the  fact,  some  thirty  years  ago ;  and  the  recent  inves- 
tigation by  Professor  Newcomb,  of  the  whole  series  of  observed 
transits,  puts  the  thing  beyond  question.  Leverrier's  own  belief 
(in  which  he  died)  was,  that  the  effect  is  due  to  an  unknown  planet 
or  planets  between  Mercury  and  the  sun  ;  but,  as  things  now  stand, 
we  think  that  any  candid  investigator  must  admit  that  the  prob- 
ability of  the  existence  of  any  such  body  or  bodies  of  considerable 
dimensions  is  vanishingly  small.  We  do  not  forget  the  numerous 
instances  of  round  spots  seen  on  the  solar  disk,  nor  the  eclipse- 
stars  of  Watson,  Swift,  Trouvelot,  and  others ;  but  the  demon- 
strated possibility  of  error  or  mistake  in  all  these  cases,  and  the 
tremendous  array  of  negative  evidence  from  the  most  trustworthy 
observers,  with  the  best  equipment  and  opportunity,  make  it  little 
short  of  certain  that  there  is  no  Yulcan  in  the  planetary  system. 

A  ring  of  meteoric  matter  between  the  planet  and  the  sun  might 
account  for  the  motion  of  the  perihelion  ;  but,  as  Newcomb  has 
suggested,  such  a  ring  would  also  disturb  the  nodes  of  Mercury's 
orbit.  It  has  been  surmised  that  the  cause  may  be  something  in  the 
distribution  of  matter  within  the  solar  globe,  or  some  variation  in 
gravitation  from  the  exact  law  of  the  inverse  square,  or  some  sup- 
plementary electric  or  magnetic  action  of  the  sun,  or  some  special 
effect  of  the  solar  radiation,  sensible  on  account  of  the  planet's 
proximity,  or  something  peculiar  to  the  region  in  which  the  planet 
moves ;  but  as  yet  no  satisfactory  explanation  has  been  estab- 
lished. 

Mercury  still  defies  all  our  attempts  to  ascertain  the  length 
of  its  da}*,  and  the  character  and  condition  of  its  surface.  Appar- 
ently the  instruments  and  methods  now  at  command  are  insufi^cient 
to  cope  with  the  difficulties  of  the  problem ;  and  it  is  not  easy  to 
say  how  it  can  be  successfully  attacked. 

With  Venus,  the  earth's  twin-sister,  the  state  of  things  is  a  little 
better:  we  do  already  know,  with  some  degree  of  approximation, 
her  period  of  rotation ;  and  the  observations  of  the  last  few  months 
bid  fair,  if  followed  up,  to  determine  the  position  of  her  poles,  and 
possibly  to  give  us  some  knowledge  of  her  mountains,  continents, 
and  seas. 

It  would  be  rash  to  say  of  Mars  that  we  have  reached  the  limit 
of  possible  knowledge  as  regards  a  planet's  surface ;  but  the  main 
facts  are  now  determined,  and  we  have  a  rather  surprising  amount 
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of  supposed  knowledge  regarding  his  geography.  By  "supposed 
I  mean  merely  to  insinuate  a  modest  doubt  whether  some  of  the 
map-makers  have  not  gone  into  a  little  more  elaborate  detail  than 
the  circumstances  warrant.  At  any  rate,  while  the  ^^Areogi-aphies" 
agree  v^ry  well  with  each  other  in  respect  to  the  planet's  more 
important  features,  they  differ  widely  and  irreconcilably  in  minor 
points. 

Of  the  asteroids  there  is  but  little  to  be  said.  We  are  rather 
reluctantly  obliged  to  admit  that  it  is  a  part  of  our  scientific  duty 
as  astronomers  to  continue  to  search  for  the  remaining  members  of 
the  group  ;  at  least,  I  suppose  so,  although  the  family  has  already 
become  embarrassingly  large.  Still  I  think  we  are  likely  to  learn 
as  much  about  the  constitution,  genesis,  and  history  of  the  solar 
system  fi'om  these  little  flying  rocks  as  from  their  larger  relatives ; 
and  the  theory  of  perturbations  will  be  forced  to  rapid  growth  in 
dealing  with  the  effects  of  Jupiter  and  Saturn  upon  their  motions. 

Nor  is  it  unlikely  that  some  day  the  hunter  for  this  small  game 
may  be  rewarded  by  the  discoveiy  of  some  great  world,  as  3*et 
unknown,  slow  moving  in  the  outer  desolation  beyond  the  re- 
motest*of  the  present  planetary  family.  Some  configurations  in 
certain  cometary  orbits,  and  some  almost  evanescent  peculiarities 
in  Neptune's  motions,  have  been  thought  to  point  to  the  existence 
of  such  a  world ;  and  there  is  no  evidence,  nor  even  a  presumption 
against  it. 

As  regardif  the  physical  features  of  the  asteroids,  we  at  present 
know  practically  nothing :  the  field  is  absolutely  open.  Whether 
it  is  worth  any  thing  may  be  a  question ;  and  yet,  if  one  could  reach 
it,  I  am  persuaded  that  a  knowledge  of  the  substance,  form,  density, 
rotation,  temperature,  and  other  physical  characteristics,  of  one  of 
these  little  vagabonds,  would  throw  vivid  light  on  the  nature  and 
behavior  of  interplanetary  space,  and  would  be  of  great  use  in 
establishing  the  physical  theory  of  the  solar  system. 

The  planet  Jupiter,  lordliest  of  them  all,  still,  as  from  the  first, 
presents  problems  of  the  highest  importance  and  interest.  A  sort 
of  connecting-link  between  suns  and  planets,  it  seems  as  if,  perhaps, 
we  might  find,  in  the  beautiful  and  varied  phenomena  he  exhibits,  a 
kind  of  halfway  house  between  familiar  terrestrial  facts  and  solar 
mysteries.  It  appears  quite  certain  that  no  analogies  drawn  from 
the  earth  and  the  earth's  atmosphere  alone  will  explain  the  strange 
things  seen  upon  his  disk,  some  of  which,  especially  the  anomalous 
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differences  observed  between  the  rotation  periods  derived  from  the 
observation  of  markings  in  different  latitudes,  are  very  similar  to 
what  we  find  upon  the  sun.  *^The  great  red  spot"  which  has  Just 
disappeared,  after  challenging  for  several  years  our  best  endeavors 
to  understand  and  explain  it,  still,  I  think,  remains  as  much  a 
m^'stery  as  ever,  —  a  mystery  probably  hiding  within  itself  the 
master-key  to  the  constitution  of  the  great  orb  of  whose  inmost 
nature  it  was  an  outward  and  most  characteristic  expression.  The 
same  characteristics  are  also  probably  manifested  in  other' less 
conspicuous  but  equally  curious  and  interesting  markings  on  the 
varied  and  ever-changing  countenance  of  this  planet ;  so  that,  like 
the  moon,  it  will  well  repay  the  most  minute  and  assiduous  study. 

Its  satellite  system  deserves  careful  observation,  especially  in 
respect  to  the  eclipses,  since  we  find  in  them  a  measure  of  the 
time  required  for  light  to  cross  the  orbit  of  the  earth,  and  so  of  the 
solar  parallax ;  and  also  because,  as  has  been  already  mentioned, 
they  furnish  a  test  of  the  constancy  of  the  earth's  rotation.  The 
photometric  method  of  observing  these  eclipses,  first  instituted 
by  Professor  Pickering  at  Cambridge  in  1878,  and  since  re-invent* 
ed  by  Cornu  in  Paris,  has  already  much  increased  the  precision 
of  the  results. 

With  reference  to  the  mathematical  theory  of  the  motion  of  these 
satellites,  the  same  remarks  apply  as  to  the  planetary  theory.  As 
yet  nothing  appears  in  the  problem  to  be  bej'ond  the  power  and 
scope  of  existing  methods,  when  carried  out  with  the  necessary 
care  and  prolixity ;  but  a  new  and  more  compendious  method  is 
most  desirable. 

The  problems  of  Saturn  are  much  the  same  as  those  of  Jupiter, 
Excepting  that  the  surface  and  atmospheric  phenomena  are  less 
striking,  and  more  difficult  of  observation.  But  we  have,  in  addition, 
the  wonderful  rings,  unique  in  the  heavens,  the  loveliest  of  all 
telescopic  objects,  the  type  and  pattern,  I  suppose,  of  world-making, 
in  actual  progress  before  our  eyes.  There  seems  to  be  continually 
accumulating  evidence  from  the  observations  of  Struve,  Dawes, 
Henry,  and  others,  that  these  whirling  clouds  are  changing  in 
their  dimensions  and  in  the  density  of  their  different  parts ;  and 
it  is  certainly  the  duty  of  every  one  who  has  a  good  telescope,  a 
sharp  63*6,  and  a  chastened  imagination,  to  watch  them  carefully, 
and  set  down  exactly'  what  he  sees.  It  may  well  be  that  even  a 
few  decades  will  develop  most  important  and  instructive  phenomena 
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in  this  gauzy  girdle  of  old  Chronos.  Great  care,  however,  is  needed 
in  order  not  to  mistake  fancies  and  illusions  for  solid  facts.  Not 
a  few  anomalous  appearances  have  been  described  and  commented 
on,  which  failed  to  be  recognized  by  more  cautious  observers  with 
less  vivid  imaginations,  more  trustworthy  eyes,  and  better 
telescopes. 

The  outer  planets,  Uranus  and  Neptune,  until  recently,  have 
defied  all  attempts  to  study  their  surface  and  ph3^sical  characterise 
tics.  Their  own  motions  and  those  of  their  satellites,  have  been 
well  worked  out ;  but  it  remains  to  discuss  their  rotation,  topog- 
raphy, and  atmospheric  peculiarities.  So  remote  are  the}',  and 
so  faintly  illuminated  that  the  task  seems  almost  hopeless ;  and 
yet,  within  the  year  or  two,  some  of  our  great  telescopes  have 
revealed  faint  and  evanescent  marking  upon  Uranus,  which  may 
in  time  lead  to  further  knowledge  of  that  far-off  relative.  Per- 
haps, the  telescope  of  the  future  will  give  us  some  such  views  of 
Neptune  as  we  now  get  of  Jupiter. 

There  is  a  special  reason  for  attempts  to  determine  the  rotation 
periods  of  the  planets,  in  the  fact  that  there  is  very  possibly  some 
connection  between  these  periods,  on  theone  hand, and, on  the  other, 
the  planets'  distances  from  the  sun,  their  diameters  and  masses. 
More  than  thirty  3^cars  ago,  Professor  Kirkwood  supposed  that  he 
had  discovered  the  relation  in  the  analogy  which  bears  his  name. 
The  materials  for  testing  and  establishing  it  were  then,  however, 
insufficient,  and  still  remain  so,  leaving  far  too  many  of  the  data 
uncertain  and  arbitrary.  Could  such  a  relation  be  discovered,  it 
could  hardly  fail  to  have  a  most  important  significance  with  respect 
to  theories  of  the  origin  and  development  of  the  planetary  system. 

The  great  problem  of  the  absolute  dimensions  of  our  system  is, 
of  course,  commanded  by  the  special  problem  of  the  solar  parallax ; 
and  this  remains  a  problem  still.  Constant  errors  of  one  kind  or 
another,  the  origin  of  which  is  still  obscure,  seem  to  affect  the 
different  methods  of  solution.  Thus,  while  experiments  upon 
the  velocity  of  light  and  heliometric  measurements  of  the  dis- 
placements of  Mars  among  the  stars  agree  remarkably  in  assigning 
a  smaller  parallax  (and  greater  distance  of  the  sun)  than  seems 
to  be  indicated  by  the  observations  of  the  late  transits  of  Venus, 
and  by  methods  founded  on  the  lunar  motions,  on  the  other  hand, 
the  meridian  observations  of  Mars  all  point  to  a  larger  parallax 


PRESIDENT   C.    A.   TOUNO.  15 

and  smaller  distance.  While  still  disposed  to  put  more  confidence 
in  the  methods  first  named,  I,  for  one,  must  admit  that  the  margin 
of  probable  error  seems  to  me  to  have  been  rather  increased 
than  diminished  by  the  latest  published  results  deduced  from  the 
transits.  I  do  not  feel  so  confident  of  the  correctness  of  the  value 
8". 80  for  the  solar  parallax  as  I  did  three  years  ago.  In  its  very 
nature,  this  problem  is  one,  however,  that  astronomers  can  never 
have  done  with.  So  fundamental  is  it,  that  the  time  will  never 
come  when  they  can  properly  give  up  tiie  attempt  to  increase  the 
precision  of  their  determination,  and  to  test  the  received  value  by 
every  new  method  that  may  be  found. 

The  problems  presented  by  the  Sun  alone  might  themselves 
well  occupy  more  than  the  time  at  our  disposal  this  evening.  Its 
mass,  dimensions,  and  motions,  as  a  whole,  are,  indeed,  pretty 
well  determined  and  understood  ;  but  when  we  come  to  questions 
relating  to  its  constitution,  the  cause  and  nature  of  the  appearances 
presented  upon  its  surface,  the  periodicity  of  its  spots,  its  tempera- 
ture, and  the  maintenance  of  its  heat,  the  extent  of  its  atmosphere, 
and  the  irature  of  the  corona,  we  find  the  most  radical  differences 
of  opinion. 

The  diflSculties  of  all  solar  problems  are,  of  course,  greatly 
enhanced  by  the  enormous  diflference  between  solar  conditions 
and  the  conditions  attainable  in  our  laboratories.  We  often 
reach,  indeed,  similarity  sufficient  to  establish  a  bond  of  connec- 
tion, and  to  aOTord  a  basis  for  speculation ;  but  the  dissimilarity 
remains  so  great  as  to  render  quantitative  calculations  unsafe,  and 
make  positive  conclusions  more  or  less  insecure.  We  can  pretty 
confidently  infer  the  presence  of  iron  and  hydrogen  and  other 
elements  in  the  sun  by  appearances  which  we  can  reproduce  upon 
the  earth ;  but  we  cannot  safely  apply  empirical  formulse  (like 
that  of  Dulbng  and  Petit,  for  instance),  deduced  from  terrestrial 
experiments,  to  determine  solar  temperatures  ;  such  a  proceeding 
is  an  unsound  and  unwarrantable  extrapolation,  likely  to  lead  to 
widely  erroneous  conclusions. 

For  my  own  part,  I  feel  satisfied  as  to  the  substantial  correctness 
of  the  generally  received  theory  of  the  sun's  constitution,  which 
regards  this  body  as  a  great  ball  of  intensely  heated  vapors  and 
gases,  clothed  outwardly  with  a  coat  of  dazzling  clouds  formed  by 
the  condensation  of  the  less  volatile  substances  into  drops  and 


16  ADDRESS  BT 

ciystals  like  rain  and  snow.  Yet  it  must  be  acknowledged  that 
this  hypothesis  is  called  in  question  by  high  authorities,  who 
maintain,  with  Kirchhoff  and  Zollner,  that  the  visible  photosphere 
is  no  mere  layer  of  clouds,  but  either  a  solid  crust,  or  a  liquid 
ocean  of  molten  metals ;  and  there  may  be  some  who  continue  to 
hold  the  view  of  the  elder  Herschel  (still  quoted  as  authoritative 
in  numerous  school-books),  that  the  central  core  of  the  sun  is  a 
solid  and  even  habitable  globe,  having  the  outer  surface  of  its 
atmosphere  covered  with  a  sheet  of  flame  maintained  by  some 
action  of  the  matter  diffused  in  the  space  through  which  the 
system  is  rushing.  We  must  admit  that  the  question  of  the  sun's 
constitution  is  not  3*et  beyond  debate. 

And  not  only  the  constitution  of  the  sun  itself,  but  the  nature 
and  condition  of  the  matter  composing  it,  is  .open  to  question. 
Have  we  to  do  with  iron  and  sodium  and  hydrogen  as  we  know 
them  on  the  earth,  or  are  the  solar  substances  in  some  different 
and  more  elemental  state? 

However  confident  many  of  us  may  be  as  to  the  general  theory 
of  the  constitution  of  the  sun,  very  few,  I  imagine,  would  maintain 
that  the  full  explanation  of  sun-spots  and  their  behavior  has  yet 
been  reached.  We  meet  continually  with  phenomena,  which,  if 
not  really  contradictory  to  prevalent  ideas,  at  least  do  not  find  in 
them  an  easy  explanation. 

So  far  as  mere  visual  appearances  are  concerned,  I  think  it  must 
be  conceded,  that  the  most  natural  conception  is  that  of  a  dark 
chip  or  scale  thrown  up  from  beneath,  like  scum  in  a  caldron,  and 
floating,  partly  submerged,  in  the  blazing  flames  of  the  photosphere 
which  overhang  its  edges,  and  bridge  across  it,  and  cover  it  with 
filmy  veils,  until  at  last  it  settles  down  again  and  disappears.  It 
hardl}*  looks  like  a  mere  hollow  filled  with  cooler  vapor,  nor  is  its 
appearance  that  of  a  cyclone  seen  from  above.  But  then,  on  the 
other  hand,  its  spectrum  under  high  dispersion  is  very  peculiar ; 
not  at  all  that  of  a  solid,  heated  slag,  but  it  is  made  up  of  countless 
fine  dark  lines,  packed  almost  in  contact,  showing,  however,  here 
and  there,  a  bright  line,  or  at  least  an  interspace  where  the  rank 
is  broken  by  an  interval  wider  than  that  which  elsewhere  separates 
the  elementary  lines, —  a  spectrum,  which,  so  far  as  I  know,  has 
not^^et  found  an  analogue  in  any  laboratory  experiment.  It  seems, 
however,  to  belong  to  the  type  of  absorption  spectra,  and  to  indi- 
cate,  as  the  accepted  theor}*^  requires,  that   the  spot  is  dark  in 
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consequence  of  loss  of  light,  and  not  from  any  original  defect  of 
luminosity.     Here,  certainly,  are  problems  that  require  solution. 

The  problem  of  the  sun's  peculiar  rotation  and  equatorial 
acceleration  is  a  most  important  one  and  still  unsolved.  Probably 
Its  solution  depends  in  some  way  upon  a  correct  understanding  of 
the  exchanges  of  matter  going  on  between  the  interior  and  the 
surface  of  the  fluid,  cooling  globe.  It  is  a  significant  fact  (already 
alluded  to),  that  a  similar  relation  appears  to  hold  upon  the  disk 
of  Jupiter;  the  bright  spots  near  the  equator  of  the  planet 
completing  their  rotation  about  five  minutes  more  quickly  than  the 
great  red  spot,  which  was  forty  degrees  from  the  equator.  It  is 
hardly  necessary  to  say  that  an  astronomer,  watching  our 
terrestrial  clouds  from  some  external  station  (on  the  moon,  for 
instance) ,  would  observe  just  the  reverse.  On  the  earth,  equatorial 
clouds  complete  their  revolution  more  slowly  than  those  in  our  own 
latitude.  Our  storms  travel  toward  the  east, while  the  volcanic 
dust  from  Krakatoa  moved  swiftly  west.  We  may  at  least 
conjecture  that  the  difference  between  different  planets  somehow 
turns  upon  the  question,  whether  the  body  whose  atmospheric 
currents  we  observe  is  receiving  more  heat  from  without  than  it  is 
throwing  off  itself. 

Whatever  may  be  the  true  explanation  of  this  peculiarity  in  the 
motion  of  sun-spots,  it  will,  when  reached,  probably  carry  with  it 
the  solution  of  many  other  mysteries,  and  will  arbitrate  conclu- 
sively between  rival  hypotheses. 

The  periodicity  of  the  sun-spots  suggests  a  number  of  important 
and  interesting  problems  ;  relating,  on  the  one  hand,  to  its  myste- 
rious cause,  and,  on  the  other,  to  the  possible  effects  of  this 
periodicity  upon  the  earth  and  its  inhabitants.  I  am  no  '^sun- 
spottist"  myself,  and  am  doubtful  whether  the  terrestrial  influ- 
ence of  sun-spots  amounts  to  anything  worth  speaking  of,  except 
in  the  direction  of  magnetism.  But  all  must  concede  that  this 
is  by  no  means  yet  demonstrated  (it  is  not  easy  to  prove  a  nega- 
tive) ;  and  there  certainly  are  facts  and  presumptions  enough  tend- 
ing the  other  way  to  warrant  more  extended  investigation  of  the 
subject.  The  investigation  is  embarrassed  by  the  circumstance, 
pointed  out  by  Dr.  Gould,  that  the  effects  of  sun-spot  periodicity, 
if  they  exist  at  all  (as  he  maintains  they  do),  are  likely  to  be  quite 
different  in  different  portions  of  the  earth.  The  influence  of  changes 
in  the  am*ount  of  solar  radiation  will,  he  says,  be  first  and  chiefly 
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felt  in  alterations  and  deflections  of  the  prevailing  winds,  thus 
varying  the  distribution  of  heat  and  rain  upon  the  surface  of  the 
earth  without  necessarily  much  changing  its  absolute  amount.  In 
some  regions  it  may,  therefore,  be  warmer  and  dryer  during  a 
sun-spot  maximum,  while  in  adjoining  countries  it  is  the  reverse. 

There  can  be  no  question,  that  it  is  now  one  of  the  most  im- 
portant and  pressing  problems  of  observational  astronomy  to 
devise  apparatus  and  methods  delicate  enough  to  enable  the  student 
to  follow  promptly  and  accuratel}'  the  presumable  changes  in  the 
daily,  even  the  hourly,  amounts  of  the  solar  radiation.  It  might, 
perhaps,  be  possible  with  existing  instruments  to  obtain  results 
of  extreme  value  from  observations  kept  up  with  persistence  and 
scrupulous  care  for  several  years  at  the  top  of  some  rainless  moun- 
tain, if  such  can  be  found  ;  but  the  undertaking  would  be  a  difficult 
and  serious  affair,  quite  beyond  any  private  means. 

Related  to  this  subject  is  the  problem  of  the  connection  between 
the  activity  of  the  solar  surface  and  magnetic  disturbances  on  the 
earth, —  a  connection  unquestionable  as  a  matter  of  fact,  but  at 
present  unexplained  as  a  matter  of  theory.  It  may  have  some- 
thing to  do  with  the  remarkable  prominence  of  iron  in  the  list  of 
solar  materials  ;  or  the  explanation  may,  perhaps,  be  found  in  the 
mechanism  by  means  of  which  the  radiations  of  light  and  heat 
traverse  interplanetary  space,  presenting  itself  ultimately  as  a 
corollary  of  the  perfected  electro-magnetic  theory  of  light. 

The  chromosphere  and  prominences  present  several  problems  of 
interest.  One  of  the  most  fruitful  of  them  relates  to  the  spectro- 
scopic phenomena  at  the  base  of  the  chromosphere,  and  especially 
to  the  strange  differences  in  the  behavior  of  different  spectrum- 
lines,  which,  according  to  terrestrial  observations,  are  due  to  the 
same  material.  Of  two  lines  (of  iron,  for  instance)  side  by  side 
in  the  spectrum,  one  will  glow  and  blaze,  while  the  other  will  sulk 
in  imperturbable  darkness;  one  will  be  distorted  and  shattered, 
presumably  by  the  swift  motion  of  the  iron  vapor  to  which  it  is 
due,  while  the  other  stands  stiff  and  straight. 

Evidently  there  is  some  deep-lying  cause  for  such  differences ; 
and  as  yet  no  satisfactory  explanation  appears  to  have  been 
reached,  though  much  ingenious  speculation  has  been  expended 
upon  it.  Mr.  Lockyer's  bold  and  fertile  hypothesis,  already  al- 
luded to,  that  at  solar  and  stellar  temperatures  our  elements  are 
decomposed  into  others  more  elemental  yet,  seems  to  hnve  failed 
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of  demonstration  thus  far,  and  rather  to  have  lost  ground  of  late ; 
and  yet  one  is  almost  tempted  to  say,  ''It  ought  to  be  true,"  and  to 
add  that  there  is  more  than  a  possibility  that  its  essential  truth 
will  be  established  some  time  in  the  future. 

Probably  all  that  can  be  safely  said  at  present  is,  that  the  spec- 
trum of  a  metallic  vapor  (iron,  for  instance,  as  before)  depends 
not  only  upon  the  chemical  element  concerned,  but  also  upon  its 
physical  conditions ;  so  that,  at  different  levels  in  the  solar  atmos- 
phere, the  spectrum  of  the  iron  will  differ  greatly  as  regards  the 
relative  conspicuousness  of  different  lines ;  and  so  it  will  happen, 
that,  whenever  any  mass  of  iron  vapor  is  suffering  disturbance, 
those  lines  only  which  particularly  characterize  the  spectrum  of 
iron  in  that  special  state  will  be  distorted  or  reversed,  while  all 
their  sisters  will  remain  serene. 

The  problem  of  the  solar  corona  is  at  present  receiving  much 
attention.  The  most  recent  investigations  concerning  it — those 
of  Dr.  Huggins  and  Professor  Hastings  —  tend  in  directions  which 
appear  to  be  diametrically  opposite.  Dr.  Huggins  considers  that 
he  has  succeeded  in  photographing  the  corona  in  full  sunshine, 
and  so  in  establishing  its  objective  reality  as  an  immense  solar 
appendage,  sub-permanent  in  form,  and  rotating  with  the  globe 
to  which  it  is  attached.  One  may  call  it  ''  an  atmosphere,"  if  the 
word  is  not  too  rigidly  interpreted.  I  am  bound  to  say  that  plates 
which  he  has  obtained  do  really  show  just  such  appearances  as 
would  be  produced  by  such  a  solar  appendage,  though  they  are 
very  faint  and  ghost-like.  1  may  add  further,  that,  from  a  letter 
from  Dr.  Huggins,  recently  received,  I  learn  that  he  has  been 
prevented  from  obtaining  any  similar  plates  in  England  this  sum- 
mer by  the  atmospheric  haze,  but  that  Dr.  Woods,  who  has  been 
provided  with  a  similar  apparatus,  and  sent  to  the  Riffelberg  in 
Switzerland,  writes  that  he  has  ''  an  assured  success.*' 

Our  American  astronomer,  on  the  other  hand,  at  the  last  eclipse 
(in  the  Pacific  Ocean),  observed  certain  phenomena  which  seem 
to  confirm  a  theory  he  had  formulated  some  time  ago,  and  to  in- 
dicate that  the  lovely  apparition  is  an  apparition  only,  a  purely 
optical  effect  due  to  the  diffraction  (not  refraction,  nor  reflection 
either)  of  light  at  the  edge  of  the  moon — no  more  a  solar  appen- 
dage than  a  rainbow  or  a  mock  sun.  There  are  mathematical 
considerations  connected  with  the  theory  which  may  prove  decisive 
when  the  paper  of  its  ingenious  and  able  proposer  comes  to  be 
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published  in  full.  In  the  meantime  it  must  be  frankly'  conceded 
that  the  observations  made  by  him  are  very  awkward  to  explain 
on  any  other  hypothQ9is. 

Whatever  may  be  the  result,  the  investigation  of  the  status  and 
possible  extent  of  a  nebulous  envelope  around  a  sun  or  star  is 
unquestionably  a  problem  of  very  great  interest  and  importance. 
We  shall  be  compelled,  I  believe,  as  in  the  case  of  comets,  to 
recognize  other  forces  than  gravity,  heat,  and  ordinary  gaseous 
elasticity,  as  concerned  in  the  phenomena.  As  regards  the  actual 
existence  of  an  extensive  gaseous  envelope  around  the  sun,  it  may 
be  added  that  other  appearances  than  those  seen  at  an  eclipse  seem 
to  demonstrate  it  beyond  question, —  phenomena  such  as  the  origi- 
nal formation  of  clouds  of  incandescent  hydrogen  at  high  eleva- 
tions, and  the  forms  and  motions  of  the  loftiest  prominences. 

But  of  all  solar  problems,  the  one  which  excites  the  deepest  and 
most  general  interest  is  that  relating  to  the  solar  heat,  its  main- 
tenance and  its  duration.  For  my  own  part,  I  find  no  fault  with 
the  solution  proposed  by  Helmholtz,  who  accounts  for  it  mainly 
by  the  slow  contraction  of  the  solar  sphere.  The  only  objection 
of  much  force  is,  that  it  apparently  limits  the  past  duration  of  the 
solar  system  to  a  period  not  much  exceeding  some  twenty  millions 
of  years ;  and  many  of  our  geological  friends  protest  against  so 
scanty  an  allowance.  The  same  theory  would  give  us,  perhaps, 
half  as  much  time  for  our  remaining  lifetime ;  but  this  is  no  ob- 
jection, since  there  is  no  reason  to  deny  the  final  cessation  of  the 
sun's  activity,  and  the  consequent  death  of  the  system.  But 
while  this  hypothesis  seems  fairly  to  meet  the  requirements  of  the 
case,  and  to  be  a  necessary  consequence  of  the  best  knowledge  we 
can  obtain  as  to  the  genesis  of  our  system  and  the  constitution  of 
the  sun  itself,  it  must,  of  course,  be  conceded  that  it  does  not  yet 
admit  of  observational  verification.  No  measurements  within  our 
power  can  test  it,  so  far  as  appears  at  present. 

It  may  be  admitted,  too,  that  much  can  be  said  in  favor  of  other 
theories  ;  such  as  the  one  that  attributes  the  solar  heat  to  the  im- 
pact of  meteoric  matter,  and  that  other  most  interesting  and  ingen- 
ious theory  of  the  late  Sir  William  Siemens. 

As  regards  the  former,  however,  I  see  no  escape  from  the 
conclusion,  that,  if  it  were  exclusively  true,  the  earth  ought  to  be 
receiving,  as  was  pointed  out  by  the  late  Professor  Peirce,  as  much 
heat  from  meteors  as  from  the  sun.   This  would  require  the  fall  of  a 
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quantity  of  meteoric  matter, —  more  than  sixty  millions  times  as 
much  as  the  best  estimates  make  our  present  supply,  and  such  as 
could  not  ^escape  the  most  casual  observation,  since  it  would 
amount  to  more  than  a  hundred  and  fifty^  tons  a  day  on  every 
square  mile. 

As  regards  the  theory  of  Siemens,  the  matter  has  been,  of  late, 
so  thoroughly  discussed,  that  we  probably  need  spend  no  time 
upon  it  here.  To  say  nothing  as  to  the  difficulties  connected  with 
the  establishment  of  such  a  far-reaching  vortex  as  it  demands, 
nor  of  the  fact  that  the  temperature  of  the  sun's  surface  appears 
to  be  above  that  of  the  dissociation  point  of  carbon  compounds, 
and  hence  above  the  highest  heat  of  their  combustion,  it  seems 
certainly  demonstrated,  that  matter  of  the  necessary  density  could 
not  exist  in  interplanetary  space  without  seriously  affecting  the 
planetary  motions  by  its  gravitating  action  as  well  as  by  its  direct 
resistance ;  nor  could  the  stellar  radiati<«ns  reach  us,  as  they  do, 
through  a  medium  capable  of  taking  up  and  utilizing  the  rays  of 
the  sun  in  the  way  this  theory  supposes. 

And  yet  I  imagine  that  there  is  a  very  general  sympathy  with 
the  feeling  that  led  to' the  proposal  of  the  theory, —  an  uncom- 
fortable dissatisfaction  with  received  theories,  because  they  admit 
that  the  greater  pai*t  of  the  sun's  radiant  energy  is,  speaking  from 
a  scientific  point  of  view,  simply  wasted.  Nothing  like  a  millionth 
part  of  the  sky,  as  seen  from  the  sun,  is  occupied,  so  far  as  we 
can  make  out,  by  objects  upon  which  its  rays  can  fall ;  the  rest  is 
vacancy.  If  the  sun  sends  out  rays  in  all  directions  alike,  not  one 
of  them  in  a  million  finds  a  target,  or  accomplishes  any  useful  work, 
unless  there  is  in  space  some  medium  to  utilize  the  rays,  or  un- 
known worlds,  of  which  we  have  no  cognizance,  beyond  the  stars. 

Now,  for  my  own  part,  I  am  very  little  troubled  by  accusations 
of  wastefulness  against  nature,  or  by  demands  for  theories  which 
will  show  what  the  human  mind  can  recognize  as  ^^use"  for  all  en- 
ergy  expended.     Where  I  can  perceive  such  use,  I  recognize  it 

1  In  an  article  on  astronomical  collisions,  published  in  the  North-American  Heview 
about  a  year  ago,  I  wrongly  stated  the  amount  at  fifty  tons.  There  was  some  fatality 
connected  with  my  calculations  for  that  article.  I  gave  the  amount  of  heat  due  to  the 
live  hundred  tons  of  meteoric  matter,  which  is  supposed  to  fall  daily  on  the  earth  with 
an  average  velocity  of  fifteen  miles  per  second,  as  fifty-three  calories  annually  per  square 
metre,—  a  quantity  two  thousand  times  too  great.  Probably  the  error  would  have  been 
noticed  if  even  the  number  given  had  not  been  so  small,  compared  with  the  solar  heat, 
as  AiUy  to  Justify  my  argument,  which  is  only  strengthened  by  the  correction.  I  owe 
the  correction  to  Professor  LeConte  of  California,  who  called  my  attention  to  the  error 
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with  reverence  and  gratitude,  I  hope ;  but  the  failure  to  recognize 
it  in  other  cases  creates  in  my  mind  no  presumption  against  the 
wisdom  of  nature,  or  against  the  correctness  of  ai}  hypothesis 
otherwise  satisfactory.  It  merely  suggests  human  limitations  and 
ignorance.  How  can  one  without  sight  understand  what  a  tele- 
scope is  good  for? 

At  the  same  time,  perhaps  we  assume  with  a  little  too  much  con- 
fidence, that,  in  free  space,  radiation  does  take  place  equally  in  all 
directions.  Of  course,  if  the  received  views  as  to  the  nature  and 
conduct  of  the  hypothetical  ^^  ether  "  are  correct,  there  is  no  possi- 
bility of  questioning  the  assumption ;  but,  as  Sir  John  Herschel  and 
others  have  pointed  out,  the  properties  which  must  be  ascribed  to 
this  '^  ether, "  to  fit  it  for  its  various  functions,  are  so  surprising 
and  almost  inconceivable,  that  one  may  be  pardoned  for  some 
reserve  in  accepting  it  as  a  finality.  At  any  rate,  as  a  fact,  the 
question  is  continually  started  (the  idea  has  been  brought  out  re- 
peatedly, in  some  cases  by  men  of  recognized  scientific  and  phil- 
osophic attainment),  whether  the  constitution  of  things  may  not 
be  such  that  radiation  and  transfer  of  energy  can  take  place  only 
between  ponderable  masses ;  and  that,  too,  without  the  expendi- 
ture of  energy  upon  the  transmitting-agent  (if  such  exist)  along 
the  line  of  transmission,  even  in  transitu.  If  this  were  the  case, 
then,  the  sun  would  send  out  its  energy  only  to  planets  and  me- 
teors and  sister-stars,  wasting  none  in  empty  space ;  and  so  its 
loss  of  heat  would  be  enormously  diminished,  and  the  time-scale 
of  the  life  of  the  planetary  system  would  be  correspondingly  ex- 
tended. So  far  as  I  know,  no  one  has  ever  yet  been  able^to  indi- 
cate any  kind  of  medium  or  mechanism  by  which  vibrations,  such 
as  we  know  to  constitute  the  radiant  energy  of  light  and  heat,  can 
be  transmitted  at  all  from  sun  to  planet  under  such  restrictions, 
and  it  is  very  difiScult  to  see  how  any  such  limited  transmission, 
confined  to  the  lines  of  gravitational  force,  could  be  reconciled  with 
the  law  of  inverse  squares.  That  this  law  of  radiation  actually 
holds  in  interplanetary  space  is  of  course  demonstrated  by  the  fact 
that  the  calculated  brightness'of  a  planet,  at  different  places  in  its 
orbit  and  varying  distances  from  the  earth,  agrees  with  the  result 
of  photometric  observation.  Still  one  ought  not  to  be  too  posi- 
tive in  assertions  as  to  the  real  condition  and  occupancy  of  so- 
called  vacant  space.  The  "  ether  "  is  a  good  working  hypothesis, 
but  hardly  more  as  yet. 
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I  need  not  add,  that  a  most  interesting  and  as  yet  inaccessible 
problem,  connected  with  the  preceding,  is  that  of  the  mechanism 
of  gravitation,  and,  indeed,  of  all  forces  that  seem  to  act  at  a  dis- 
tance :  as  for  that  matter,  in  the  last  analysis,  all  forces  do.  If 
there  really  be  an  "  ether, "  then  it  would  seem  that  somehow  all 
attractions  and  repulsions  of  ponderable  matter  must  be  due  to  its 
action.  Challis's  investigations  and  conclusions  as  to  the  effect  of 
hydrodynamic  actions  in  such  a  medium  do  not  seem  to  have  com- 
manded general  acceptance ;  and  the  field  still  lies  open  for  one 
who  will  show  how  gravitation  and  other  forces  can  be  correlated 
with  each  other  through  the  ether. 

Meteors  and  the  comets,  seeming  to  belong  neither  to  the  solar 
system  nor  to  the  stellar  universe,  present  a  crowd  of  problems  as 
difficult  as  they  are  interesting.  Much  has  undoubtedly  been 
gained  during  the  last  few  decades,  but  in  some  respects  that 
which  has  been  learned  has  only  deepened  the  mystery. 

The  problem  of  the  origin  of  comets  has  been  supposed  to  be 
solved  to  a  certain  extent  by  the  researches  of  Schiaparelli,  Heis, 
Professor  Newton,  arid  others,  who  consider  them  to  be  strangers 
coming  in  from  outer  space,  sometimes  "  captured  "  by  planets, 
and  forced  into  elliptic  orbits,  so  as  to  become  periodic  in  their 
motion.  Certainly  this  theory  has  strong  supports  and  gi-eat  au- 
thority, and  probably  it  meets  the  conditions  better  than  any  other 
yet  proposed.  But  the  objections  are  really  great,  if  not  insuper- 
able, —  the  fact  that  we  have  so  few,  if  any,  comets  moving  in 
hyperbolic  orbits,  as  comets  met  by  the  sun  would  be  expected  to 
move  ;  that  there  seems  to  be  so  little  relation  between  the  direction 
of  the  major  axes  of  cometary  orbits,  and  the  direction  of  the  solar 
motion  in  space ;  and  especially  the  fact,  pointed  out  and  insisted 
upon  by  Mr.  Proctor  in  a  recent  article,  that  the  alteration  of  a 
comet's  natural  parabolic  orbit  to  the  observed  elliptic  one,  by 
planetary  action,  implies  a  reduction  of  the  comet's  velocity  greater 
than  can  be  reasonably  explained.  If,  for  instance,  Brorsen's  comet 
(which  has  a  mean  distance  from  the  sun  a  little  more  than  three 
times  that  of  the  earth)  was  really  once  a  parabolic  comet,  and 
was  diverted  into  its  present  path  by  the  attraction  of  Jupiter,  as 
generally  admitted,  it  must  have  had  its  velocity  reduced  from 
about  eleven  miles  a  second  to  five.  Now,  it  is  very  difficult,  if 
not  oat  of  the  question,  to  imagine  any  possible  configuration  of 
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the  two  bodies  and  their  orbits  which  conid  result  in  so  great  a 
change.  While  I  am  by  no  means  prepared  to  indorse  as  conclu- 
sive all  the  reasoning  in  the  article  referred  to,  and  should  be  very 
far  from  ready  to  accept  the  author's  alternative  theory  (that  the 
periodic  comets  hare  been  ejected  from  the  planets,  and  so  are  not 
their  captives,  bnt  their  children),  I  still  feel  that  the  difficulty 
urged  against  the  received  theory  is  very  real,  and  not  to  be 
evaded,  though  it  may  possibly  be  overcome  by  future  research. 

Still  more  problematical  is  the  constitution  of  these  strange  ob- 
jects of  such  enormous  volume  and  inconceivable  tenuity,  self- 
luminous  and  transparent,  yet  reflecting  light,  the  seat  of  forces 
and  phenomena  unparalleled  in  all  our  other  experience.  Hardly  a 
topic  relating  to  their  appearance  and  behavfor  can  be  named 
which  does  not  contain  an  unsolved  problem.  The  varying  inten- 
sity, polarization,  and  spectroscopic  character  of  their  light ;  the 
configurations  of  the  nucleus  and  its  surrounding  nebulosity ;  and 
especially  the  phenomena  of  jets,  envelopes,  and  tail,  —  all  demand 
careful  observation  and  thorough  discussion. 

I  think  it  may  be  regarded  as  certain,  that  the  explanation  of 
these  phenomena  when  finally  reached,  if  that  time  ever  come, 
will  carry  with  it,  and  be  based  upon,  an  enormous  increase  in  our 
knowledge  as  to  the  condition,  contents,  and  temperature  of  inter- 
planetary space,  and  the  behavior  of  matter  when  reduced  to  the 
lowest  terms  of  density  and  temperature. 

Time  forbids  any  adequate  discussion  of  the  numerous  problems 
of  stellar  astronomy.  Our  work,  in  its  very  nature  incessant  and 
interminable,  consists,  of  course,  in  the  continual  observation  and 
cataloguing  of  the  places  of  the  stars,  with  ever-increasing  precis- 
ion. These  star-places  form  the  scaffold  and  framework  of  all 
other  astronomical  investigations  involving  the  motions  of  the 
heavenly  bodies ;  they  are  the  reference-points  and  bench-mai*ks  of 
the  universe.  Ultimately,  too,  the  comparison  of  catalogues  of 
different  dates  will  reveal  the  paths  and  motions  of  all  the  mem- 
bers of  the  starry  host,  and  bring  out  the  great  orbit  of  the  sun 
and  his  attendant  planets. 

Meanwhile,  micrometric  observations  are  in  order  upon  the  in- 
dividual stars  in  different  clusters,  to  ascertain  the  motions  which 
occur  in  such  a  case ;  and  the  mathematician  is  called  upon  again 
to  solve  the  problem  of  such  movement. 
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Now,  too,  since  the  recent  work  of  Gill  and  Elkin  in  South 
Africa,  and  of  Struve,  Hall,  and  others,  elsewhere,  upon  stellar 
parallax,  new  hopes  arise  that  we  may  soon  come  to  some  wider 
knowledge  of  the  subject ;  that,  instead  of  a  dozen  or  so  parallaxes 
of  doubtful  precision,  we  may  get  a  hundred  or  more  relating  to 
stars  of  widely  different  brightness  and  motion,  and  so  be  enabled 
to  reach  some  trustworthy  generalizations  as  to  the  constitution 
and  dimensions  of  the  stellar  universe,  and  the  actual  rates  of  stel* 
lar  and  solar  motion  in  space. 

Most  interesting,  also,  are  the  studies  now  so  vigorously  prose- 
cuted by  Professor  Pickering  in  this  country,  and  many  others  else- 
where, upon  the  brightness  of  the  stars,  and  the  continual  variations 
in  this  biightness.  Since  1875,  stellar  photometry  has  become 
almost  a  new  science. 

Then,  there  are  more  than  a  myriad  of  double  and  multiple  stars  to 
watch,  and  their  orbits  to  be  determined  ;  and  the  nebulse  claim 
keen  attention,  since  some  of  them  appear  to  be  changing  in  form 
and  brightness,  and  are  likely  to  reveal  to  us  some  wonderful 
secrets  in  the  embi-yology  of  worlds. 

Each  star  also  presents  a  subject  for  spectroscopic  study ;  for 
although,  for  the  most  part,  the  stars  may  be  grouped  into  a  very 
few  classes  from  the  spectroscopic  point  of  view,  yet,  in  detail,  the 
spectra  of  objects  belonging  to  the  same  group  differ  considerably 
and  significantly,  almost  as  much  as  human  faces  do. 

For  such  investigations,  new  instruments  are  needed,'of  unex- 
ampled powers  and  accuracy,  some  for  angular  measurement,  some 
for  mere  power  of  seeing.  Photography  comes  continually  more 
and  more  to  the  front ;  and  the  idea  sometimes  suggests  itself, 
that  by  and  by  the  human  eye  will  hardly  be  trusted  any  longer 
for  observations  of  precision,  but  will  be  superceded  by  an  honest, 
unprejudiced,  and  unimaginative  plate  and  camera.  The  time  is 
not  yet,  however,  most  certainly.  Indeed,  it  can  never  come  at  all, 
as  relates  to  certain  obseiTations ;  since  the  human  eye  and  mind 
together  integrate,  so  to  speak,  the  impressions  of  many  separate 
and  selected  moments  into  one  general  view,  while  the  camera  can 
only  give  a  brutal  copy  of  an  unselected  state  of  things,  with  all 
its  atmospheric  and  other  imperfections. 

New  methods  are  also  needed,  I  think  (they  are  unquestionably 
possible),  for  freeing  time-observations  from  the  errors  of  personal 
equation ;  and  increased  precision  is  demanded,  and  is  being  pro- 
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gressively  attained,  in  the  prevention,  or  elimination,  of  instrn- 
mental  errors,  due  to  differences  of  temperature,  to  mechanical 
strains,  and  to  inaccuracies  of  construction.  Astronomers  are 
now  coming  to  the  investigation  of  quantities  so  minute,  that  they 
would  be  completely  masked  by  errors  of  observation  that  formerly 
were  usual  and  tolerable.  The  science  has  reached  a  stage,  where, 
as  was  indicated  at  the  beginning  of  this  address,  it  has  to  con- 
front and  deal  with  the  possible  unsteadiness  of  the  earth's  rota- 
tion, and  the  instability  of  its  axis.  The  astronomer  has  now  to 
reverse  the  old  maxim  of  the  courts ;  for  him,  and  most  emphati- 
cally at  present,  de  minimis  curat  lex.  Residuals  and  minute  dis- 
crepancies are  the  seeds  of  future  knowledge,  and  the  very 
foundations  of  new  laws. 

And  now,  in  closing  this  hurried  and  inadequate,  but  I  fear 
rather  tedious,  review  of  the  chief  problems  that  are  at  present 
occupying  the  astronomer,  what  answer  can  we  give  to  him  who 
insists,  Cui  bono?  and  requires  a  reason  for  the  enthusiasm  that 
makes  the  votaries  of  our  science  so  ardent  and  tireless  in  its  pur- 
suit ?  Evidently  very  few  of  the  questions  which  have  been  pre- 
sented have  much  to  do  directly  with  the  material  welfare  of  the 
human  race.  It  may  possibly  turn  out,  perhaps,  that  the  investi- 
gation of  the  solar  radiation,  and  the  behavior  of  sun-spots,  may 
lead  to  sr>me  better  understanding  of  terrestrial  meteorology,  and 
so  aid  agricultural  operations  and  navigation.  I  do  not  say  it 
will  be  so, — in  fact,  I  hardly  expect  it, — but  I  am  not  sure  it  will 
not.  Possibly,  too,  some  few  other  astronomical  investigations 
may  facilitate  the  determination  of  latitudes  and  longitudes,  and  so 
help  exploration  and  commerce ;  but,  with  a  few  exceptions,  it 
must  be  admitted  that  modern  astronomical  investigations  have 
not  the  slightest  commercial  value. 

Now,  I  am  not  one  of  those  who  despise  a  scientific  truth  or 
principle  because  it  admits  of  an  available  application  to  the  affairs 
of  what  is  called  ''practical  life,"  and  so  is  worth  something  to  the 
community  in  dollars  and  cents:  its  commercial  value  is — just 
what  it  is  —  to  be  accepted  gratefully. 

Indirectly,  however,  almost  all  scientific  truth  ha?  real  commer- 
cial value,  because  "  knowledge  is  power, "  and  because  (I  quote 
it  not  irreverently)  "  the  truth  shall  make  you  free,"  —  anj'  truth, 
and  to  some  extent ;  that  is  to  say,  the  intelligent  and  intellectu- 
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ally  cultivated  will  generally  obtain  a  more  comfortable  livelihood, 
and  do  it  more  easily,  than  the  stupid  and  the  ignorant.  Intelli- 
gence and  brains  are  most  powerful  allies  of  strength  and  hands  in 
*the  struggle  for  existence ;  and  so,  on  purely  economical  grounds, 
all  kinds  of  science  are  worthy  of  cultivation. 

But  I  should  be  ashamed  to  rest  on  this  lower  ground :  the 
highest  value  of  scientific  truth  is  not  economic,  but  different  and 
more  noble ;  and,  to  a  certain  and  great  degi*ee,  its  truest  worth  is 
more  as  an  object  of  pursuit  than  of  possession.  The  ^^  practical 
life" —  the  eating  and  the  drinking,  the  clothing  and  the  sheltering 
—  comes  j^r«^,  of  course,  and  is  the  necessary  foundation  of  any 
thing  higher ;  but  it  is  not  the  whole  or  the  best  or  the  most  of  life. 
Apart  from  all  spiritual  and  religious  considerations  (which  lie  one 
side  of  our  relations  in  this  association),  there  can  be  no  need, 
before  this  audience,  to  plead  the  higher  rank  of  the  intellectual, 
aesthetic,  and  moral  life  above  the  material,  or  to  argue  that  the 
pabulum  of  the  mind  is  worth  as  much  as  food  for  the  body.  Now, 
it  is  unquestionable,  that,  in  the  investigation  and  discovery  of  the 
secrets  and  mysteries  of  the  heavens,  the  human  intellect  finds 
most  invigorating  exercise,  and  most  nourishing  and  growth-ma- 
king aliment.  No  other  scientific  facts  and  conceptions  are  more 
effective  in  producing  a  modest,  sober,  truthful,  and  ennobling 
estimate  of  man's  Just  place  in  nature,  both  of  his  puny  insignif- 
icance, regarded  as  a  physical  object,  and  his  towering  spirit,  in 
some  sense  comprehending  the  universe  itself,  and  so  akin  to  the 

divine. 
A  nation  oppressed  by  poverty,  and  near  to  starving,  needs 

first,  most  certainly,  the  trades  and  occupations  that  will  feed  and 

clothe  it.    When  bodily  comfort  has  been  achieved,  then  higher 

needs  and  wants  appear ;   and  then  science,  for  truth's  own  sake, 

comes  to  be  loved  and  honored  along  with  poetry  and  art,  leading 

men  into  .a  larger,  higher,  and  nobler  life. 
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Second  report  of  the  committee   on  standards  of  stellar 
magnitudes. 

The  first  report  of  this  Committee  (Proc.  Amer.  Assoc.  XXX, 
p.  1)  included  a  plan  for  the  determination  of  standards  for  stars 
fainter  than  the  tenth  magnitude.  Twenty-four  bright  equatorial 
stars  were  chosen  and  the  standards  were  to  be  selected  from  the 
regions  following  them  from  two  to  six  minutes  of  time  and  not 
differing  in  declination  from  the  leading  stars  by  more  than  five 
minutes  of  arc.  The  observations  described  below  have  been  made 
at  the  Harvard  College  Observatory  unless  otherwise  stated.  The 
light  of  each  of  the  leading  stars  has  been  determined  on  from 
sev^n  to  eighteen  nights  with  the  meridian  photometer.  Charts 
have  been  constructed  of  all  the  stars  visible  with  the  fifteen 
inch  telescope,  in  all  but  three  of  the  regions  from  which  the 
standards  are  to  be  selected.  Most  of  these  charts  have  been 
submitted  to  a  careful  scrutiny  with  the  fifteen  inch  telescope 
of  the  Washburn  Observatory.  An  important  test  of  the  com- 
pleteness of  the  charts  is  thus  afforded. 

In  the  following  table  three  successive  columns  give  the  names  of 
the  twenty-four  leading  stars  and  their  approximate  right  ascen- 
sions and  declinations  for  1880.  The  next  two  columns  give  the 
number  of  nights  on  which  they  were  observed  with  the  meridian 
photometer,  and  the  resulting  magnitude.  The  details  of  these 
measures  and  a  comparison  with  various  other  determinations  of 
their  light  will  be  found  in  the  Harv.  Observ.  Aniials,  Vol.  XIV. 
The  last  columns  give  the  number  of  stars  in  each  of  the  charts, 
and  the  cx>rresponding  number  of  stars  contained  in  the  same 
portions  of  the  Durchmusterung. 

Stars  suitable  for  standards  must  next  be  selected  by  the  help  of 
the  charts.  The  light  of  these  stars  should  then  be  measured  in 
as  many  different  ways  as  possible.  The  Committee  will  be  much 
indebted  for  aid  that  may  be  rendered  them  in  this  portion  of  their 
work.  The  early  publication  of  the  charts  now  becomes  a  matter 
of  importance,  as  it  would  permit  their  immediate  use  for  various 
purposes. 
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Name. 


y  Fegasi 

0'  Geti 

a  Piscium......< 

a  Ceti 

y  Eridani 

a  Taun 

c  Orionis 

y  Gemlnorani... 
a  CaniB  Mlnoris 

«  Hydrie 

«i  Leonie 

9  Leonie 

1}  Virginis 

a  Virginis 

a  Bootis 

^  LibrsB 

5  Ophinchi 

If  Ophiachi 

1}  Serpentis 

5  AqniliB ....... 

AqnilsB 

fi  Aqtiarii....... 

a  Aquarii 

a  Pegasi.. 


1 

1 

2 

8 

4 

0 

6 

7 

8 

10 

11 

13 

18 

U 

15 

16 

17 

18 

19 

20 

21 

21 

22 


18.0 

S3.9 

66.0 

62.4 

29.0 

80.1 

80.8 

83.0 

40.4 

2.0 

7.9 

18.8 

18.9 

10.2 

10.5 

8.1 

8.5 

16.1 

19.4 

6.1 

25.3 

69.6 

68.8 


Deo. 

1880. 


+  14*     81' 


—  8 

+  a 

+    8 

—  18 
+  16 

—  1 
+  16 

+  5 
+  6 
+  12 
+  16 

+    0 

—  10 
+  19 

—  8 

—  8 

—  15 

—  2 

+  a 
—  1 

*    6 

—  0 

+  14 


48 
11 
87 
61 
16 
17 
80 
82 
61 
88 
6 
0 
82 
48 
66 
23 
84 
66 
63 
11 
6 
64 
84 


No. 
Nights. 

Phot. 
Mag. 

CO 

18 

8.04 

49 

12 

8.77 

27 

12 

8.99 

— 

11 

2.68 

— 

10 

8.05 

80 

16 

1.00 

19 

16 

1.76 

42 

17 

2.00 

160 

15 

0.46 

06 

7 

8.68 

64 

16 

1.42 

89 

10 

ZA7 

24 

10 

4.06 

23 

18 

1.23 

80 

13 

0.03 

25 

14 

2.74 

39 

11 

2.77 

48 

10 

2.68 

100 

10 

8.85 

7 

14 

8.46 

— 

10 

3.39 

110 

10 

8.14 

62 

10 

8.16 

48 

18 

2.61 

29 

s* 


5  fioo 


1 

2 

3 
6 
6 
3 
4 
1 
3 
2 


8 
2 

0 
8 


Respectfully  submittecl, 

Edward  C.  Pickering,  Cliab^man. 

Lewis  Boss. 

s.  w.  bcrnham. 

Asaph  Hall. 

William  Harkness. 

Edward  S.  Holden. 

Simon  Newcomb. 

C.  H.  F.  Peters. 

Ormond  Stone. 
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Report  of  the  Committee  on  Indexing  Chemical  Literature. 

The  Committee  on  Indexing  Chemical  Literature  appointed  in 
1882  respectfully  presents  the  following  report  of  progress. 

We  have  the  pleasure  to  announce  that  since  our  last  Report  the 
following  Indexes  have  been  published  by  their  authors,  the  arrange- 
ment of  material  being  uniform  with  that  of  those  previously  issued. 
Ozone,  second  index^  by  Prof.  Albert  R.  Leeds. 
Peroxide  of  Hydrogen,  second  index^  by  Prof.  A.  R.  Leeds. 
Speed  of  Chemical  Reactions,  by  Prof.  R.  B.  Warder. 
Starch  Sugar,  by  Dr.  £.  J.  Hallock. 

Besides  these  a  valuable  contribution  to  chemical  bibliography 
has  been  independently  published  on  a  somewhat  different  plan,  by 
Professor  Albert  B.  Prescott  and  Mr.  J.  W.  Baird.  The  full  titles 
of  the  above  will  be  found  at  the  close  of  this  Report. 

Two  hundred  and  fifty  copies  of  our  Report  for  1883  have  been 
sent  to  chemists  throughout  the  United  States,  the  Smithsonian 
Institution  having  kindly  attended  to  the  distribution  by  mail  with- 
out expense  to  the  Committee.  This  led  to  correspondence  with 
several  chemists  who  regarded  the  scheme  of  cooperative  indexing 
favorably,  and  resulted  in  several  offers  of  assistance. 

Professor  Wm.  Ripley  Nichols  offers  an  Index  to  the  Literature 
of  Carbon  monoxide. 

Professor  L.  P.  Kinnicutt  offers  an  Index  to  the  Literature  of 
Meteorites. 

Dr.  Henry  Leffmann  reports  progress  on  his  Index  to  the  Liter- 
ature of  Arsenic. 

Professor  C.  E.  Monroe  does  likewise  with  reference  to  an  Index 
to  the  Literature  of  Explosives. 

Professor  A.  B.  Prescott  and  Mr.  J.  T.  Craig  offer  an  Index  to 
the  Literature  of  Phosphorus. 

Dr.  H.  Carrington  Bolton  has  in  preparation  a  second  index 
to  the  Literature  of  Uranium. 

An  offer  was  also  I'eceived  of  an  Index  to  an  element  already  on 
the  list  of  those  published,  but  was  withdrawn  as  soon  as  the 
author  had  his  attention  called  to  the  existing  publication.  This 
circumstance  shows  forcibly  the  advantage  of  cooperation  through 
this  Committee. 
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We  are  pleased  to  announce  that  in  consequence  of  our  repre- 
sentations the  Smithsonian  Institution  has  consented  to  publish 
Indexes  to  Chemical  Literature  which  shall  be  endorsed  by  this 
Committee.  The  Smithsonian  places  a  limit  to  the  number  of 
pages  which  will  be  printed  per  annum,  but  the  limit  is  a  generous 
one. 

By  thus  securing  the  assistance  of  the  Smithsonian  Institution, 
chemists  are  assured  of  a  reliable  and  authoritative  channel  of 
publication,  together  with  a  wide  circulation,  and  the  plan  of 
cooperative  indexing  will  undoubtedly  receive  a  great  stimulus. 

Finally,  to  extend  more  widely  acquaintance  with  the  existing 
Indexes,  we  append  a  complete  list  of  those  printed.  A  limited 
number  of  those  published  by  the  New  York- Academy  of  Sciences 
can  be  had  by  addressing  the  Chairman  of  the  Publication  Com- 
mittee of  the  Academy,  Prof.  D.  S.  Martin,  236  West  4th  Street, 
New  York  City. 

Respectfully  submitted, 

H.  Carrington  Bolton,  Chairman. 
Ira  Remsen. 
F.  W.  Clarke. 
Albert  R.  Leeds. 
Alexis  A.  Jdlien. 
Sept.  4,  1884. 


List  of  Indexes  to  Chemical  Literature. 

Uranium,  Index  to  the  Literature  of.  By  H.  Carrington  Bolton. 
Annals  of  the  New  York  Lyceum  of  Natural  History,  Vol. 
IX,  February,  1870.     15  pp.  8vo. 

Manganese,  Index  to  the  Literature  of ;  1596-1874.  By  H.  Car- 
rington Bolton.  Annals  of  the  Lyceum  of  Natural  History, 
New  York,  Vol.  XI,  November,  1875.     44  pp.  8vo. 

Titanium,  Index  to  the  Literature  of;  1783-1876.  By  Edw.  J. 
Hallock.  Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol. 
I,  Nos.  2  &  3,  1877.     22  pp.  8vo. 

Vanadium,  Index  to  the  Literature  of.  By  G.  Jewett  Rockwell. 
Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol.  I,  No.  5, 
1877.     13  pp.  8vo. 
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Ozone,  Index  to  the  Literature  of;  1875-1879.  By  Albert  R. 
Leeds.  Annals  of  the  N.  *Y.  Academy  of  Sciences,  Vol.  I,  No. 
12,  1880.     32  pp.  8vo. 

Peroxide  of  Hydrogen,  The  Literature  of;  1818-1878.  By  Albert 
R.  Leeds.  Annals  of  the  N.  Y.  Academy  of  Sciences,  Vol  I, 
No.  13,  1880.     11  pp.  8vo. 

Electrolysis,  Index  to  the  Literature  of;  1784-1880.  By  W.  Wal- 
ter  Webb.  Annals  of  N.  Y.  Academy  of  Sciences,  Vol.  II, 
No.  10,  1882.     40  pp.  8vo. 

Speed  of  Chemical  Reactions,  Literature  of.  By  Robert  B.  War- 
der. Proceedings  of  the  Am.  Assoc.  Adv.  Science,  Vol.  32, 
1883.     3  pp.  8vo. 

Starch-Sugar,  Bibliography  of.  By  Edw.  J.  Hallock.  Appendix 
E  to  Report  on  Glucose  prepared  by  the  Natural  Academy  of 
Sciences  in  response  to  a  request  made  by  the  Commissioner 
of  Internal  Revenue.  U.  S.  Internal  Revenue,  Washington, 
D.  C,  1884.     44  pp.  8vo. 

Ozone,  Index  to  the  Literature  of  (1879-1883)  ;  accompanied  by 
an  Historical-Critical  R6sum6  of  the  Progress  of  Discovery 
since  1879.  By  Albert  R.  Leeds.  Annals  N.  Y.  Academy  of 
Sciences,  Vol.  Ill,  p.  137, 1884.     16  pp.  8vo. 

Peroxide  of  Hydrogen,  Index  to  the  Literature  of;  1879-1883. 
By  Albert  R.  Leeds.  Annals  N.  Y.  Academy  of  Sciences, 
Vol.  Ill,  p.  153,  1884.     3  pp.  8vo. 
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COLLEGE  MATHEMATICS. 


In  a  survey  of  the  general  interests  for  the  advancement  of 
which  this  section  of  Mathematics  and  Astronomy  has  now  met, 
it  has  seemed  to  me  that  there  is  one  subject  in  the  consideration 
of  which  you  all  must  have  a  vital  interest.  And  as  this  is  also 
a  subject  of  daily  professional  interest  to  myself,  and  closely  con- 
cerns the  future  welfare  of  this  association,  as  well  as  the  progress 
of  science  in  our  laud,  I  may  be  pardoned  for  pressing  ii  upon 
your  attention  and  stating,  so  far  as  I  may  be  able,  the  truth  as 
it  appears  to  me.  The  subject  I  refer  to  is  the  present  state  of 
mathematical  training  in  our  colleges ;  its  aims,  its  needs,  and  its 
relations  to  education  and  to  scientific  research.  I  am  the  more 
willing  to  speak  upon  this  subject  because  I  feel  that  my  opportu- 
nities for  experience,  though  they  perhaps  have  not  been  of  so 
great  duration  as  others  have  enjoyed,  have,  nevertheless,  been 
varied,  and  of  such  a  kind  as  possibly  to  be  useful  in  awakening 
thought  and  in  bringing  to  light  the  experience  of  others  upon  this 
important  part  of  our  college  study,  a  part,  T  may  say,  which  has 
been  almost  completely  overlooked  in  the  earnest  controversy 
which  has  arisen  during  the  past  year,  respecting  the  attitude  of 
our  colleges  toward  the  various  branches  of  learning,  ancient  and 
modern,  embraced  in  their  curricula. 

As  the  thoughts  I  have  to  present  are  based  largely  on  personal 
experience,  I  may  be  pardoned  for  saying  that  this  experience 
commenced  twenty-one  years  ago  on  entering  the  freshman  class 
at  Tale  Ck>llege,  and  after  graduation  it  was  continued  as  a  student 
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in  the  Sheffield  Scientific  School.  Since  then  it  has  b^n  my  lot 
to  be  constantly  engaged  in  teaching  pure  and  applied  mathemat- 
ics :  at  first  in  a  southern  university,  then  four  years  at  Cornell, 
one  year  at  Princeton,  and  now  for  ten  years  in  the  University  of 
Cincinnati,  one  of  the  youngest  of  our  western  colleges.  It  will 
be  seen  from  this  enumeration  that  my  experience  has  been  dis- 
tributed between  classical  institutions  on  the  one  hand,  and  sci- 
entific on  the  other,  in  such  a  way  as  would  naturally  make  my 
prepossessions  lie  in  favor  of  the  established  regime  of  our  classi- 
cal colleges.  If  my  maturer  convictions  have  led  me  to  criticise 
their  method  and  spirit,  it  is  not  from  any  preconceived  animosity 
to  them,  but  out  of  a  sincere  desire  that  they  maybe  brought  to  oc- 
cupy a  position  in  our  educational  life  which  shall  command  the 
undivided  support  of  the  cultivated  and  best  informed  portion  of 
the  community. 

One  of  the  most  unexpected  revelations  which  this  experience 
has  made  to  me  is  that  mathematical  study  in  college  is  not  nec- 
essarily drudgery. 

I  think  I  do  not  stat.e  the  matter  too  strongly  when  I  say  that 
during  the  years  in  which  I  was  an  undergraduate,  mathematical 
study  was  regarded  with  deep-seated  aversion  by  the  average  stu- 
dent, an  aversion  not  capable  of  adequate  expression  in  any  or- 
dinary way.  The  burial  of  Euclid  and  the  cremation  of  analytics 
were  a  mere  joke ;  but  the  inward  disgust  and  hatred  of  mathemat- 
ics which  existed  in  the  minds  of  the  students  of  my  day  left  an 
impression  not  to  be  effaced  in  a  lifetime.  Now  what  was  the 
cause  of  such  pronounced  hostility  ?  The  answer  is  not  far  to 
seek.  The  study  was  not  interesting,  and  it  was  not  well  under- 
stood. These  are  two  reasons  which  stand  in  the  closest  possible 
connection  with  each  other.  We  might  say,  either  that  the  study 
failed  of  being  understood  because  it  was  uninteresting,  or  that 
it  awakened  no  interest  because  it  was  not  well  understood.  Both 
these  statements  were  true.  I  have  found  the  same  state  of  affairs 
in  every  classical  college  respecting  which  I  have  had  any  intimate 
knowledge  from  that  day  to  this.  In  them  it  is  an  article  of  faith 
firmly  held,  and  oft  expressed  by  the  undergraduate,  that  higher 
mathematics  is  a  study  which  can  be  thoroughly  mastered  only  by 
exceptional  geniuses,  of  which  each  college  class  possesses  of  course 
one  or  more  brilliant  specimens ;  and  as  to  obtaining  some  reason- 
able understanding  of  the  study,  it  is  thought  to  be  barely  possi- 
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ble  that  ten  per  cent  of  the  undergraduate  world  could  do  so  by 
dint  of  severe  application  (such  as  no  one  is  called  on  to  make), 
were  it  worth  the  effort.  For  the  large  majority,  however,  such 
attainment  is  thought  to  be  as  impossible  as  for  them  to  fly,  since 
they  are  regarded  as  being  wholly  wanting  in  the  organs  necessary 
to  the  accomplishment  of  that  feat.  In  this  statement  I. am  quite 
sure  I  have  not  misinterpreted  undergraduate  sentiment  in  those 
established  and  time-honored  seats  of  classical  learning  which  still 
hold,  in  effect,  to  a  fixed  curriculum  that  prescribes  a  certain 
amount  of  Latin,  Greek  and  mathematics  as  requisite  to  the  de- 
gree of  bachelor  of  ai*ts.  The  foundation  for  such  a  belief  as  this 
lies  in  the  fact,  patent  to  the  eyes  of  all,  that  very  few  do  really 
become  in  any  true  sense  masters  of  the  mathematical  subjects 
which  they  study,  or  indeed  have  suflScient  practice  in  the  applica- 
tion of  the  principles  they  attempt  to  learn,  to  be  capable  of 
judging  whether  they  have  been  so  mastered  as  to  accomplish  the 
ends  which  should  be  sought  in  mathematical  training.  One  very 
bad  feature  in  this  state  of  things  is,  that  this  sentiment  respecting 
mathematical  study  is  not  confined  to  undergraduates,  but  is 
largely  shared,  not  only  by  the  general  faculties  of  these  institu- 
tions, but  by  the  instructors  and  professors  of  mathematics 
as  well,  many  of  whom  have  been  convinced  by  the  facts  just 
stated  that  nothing  better  is  to  be  expected.  They  have  come  to 
regard  mathematical  study  (in  common  with  the  rest  of  the  col- 
lege world),  as  an  indispensable  part  of  the  scholastic  discipline 
which  ought  in  their  estimation  to  be  administered  in  proper 
amount  to  the  undergraduate ;  but  that  mathematics  should  oc- 
cupy any  place  of  honor  in  his  intellectual  equipment  or  be  one 
of  the  tools  and  methods  of  work  by  which  he  shall  reason  respect- 
ing the  facts  of  nature,  and  discover  the  truth  in  matters  of  scien- 
tific or  practical  importance,  they  do  not  believe  possible. 

There  are  also  various  other  reasons  which  have  led  mathemat- 
ical teachers  to  a  low  opinion  of  this  study  besides  the  ill  success 
that  has  attended  their  efforts  in  introducing  their  pupils  to 
the  world  of  mathematical  activity  :  a  world  which  has  not  only 
engrossed  the  principal  interest  and  energy  of  a  large  number 
of  the  acutest  minds  of  the  past,  but  to-day  absorbs  a  larger 
proportion  of  talent  than  ever  before.  Among  these  reasons, 
it  must  be  admitted  that  it  has  too  often  happened  that  they  have 
not  themselves  become  engrossed  in  these  activities,  nay,  perhaps 
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not  even  interested  in  them.  That  we  have  in  this  country  no 
large  body  of  men  whose  life-work  has  been,  day  by  day,  directed 
in  the  line  of  mathematical  investigation  is  evident  to  all.  The 
paucity  of  important  mathematical  investigations  emanating  from 
this  side  of  the  Atlantic  is  proof  of  it.  The  cultivators  of  this 
science  among  us,  and  the  authors  of  valuable  papers,  have  been,  I 
think,  quite  often  found  in  positions  other  than  that  of  college 
professor.  All  this  goes  to  show  that  the  mathematical  scholar- 
ship of  the  teaching  force  in  our  colleges  is  not  equal  to  that  of 
countries  where  mathematical  research  in  its  higher  walks  is  the 
legitimate  outcome  of  university  instruction.  It  seems  almost 
superfluous  to  insist  that  healthy  and  sustained  progress  in  any 
abstract  science  must  spring  up  and  be  carried  forward  under  the 
fostering  influence  of  established  seats  of  learning,  and  that  it  is 
useless  to  rely  upon  volunteer  support  or  upon  instances  of  private 
devotion  to  these  higher  pursuits,  which  require  the  libraries  and 
the  atmosphere  of  university  life  in  order  to  ensure  continued 
growth.  But  even  where  the  professorial  chair  is  filled  by  an 
eager  and  brilliant  mathematician,  to  whom  his  chosen  study  has 
all  the  witchery'  of  an  idolized  pursuit,  he  often  feels  the  hopeless- 
ness of  initiating  his  pupils  into  this  all-absorbing  realm  of  thought 
in  the  few  brief  months  at  his  disposal.  This  hopelessness  be- 
comes settled  despair  when  it  encounters,  as  it  usually  does,  a 
state  of  profound  apathy  in  the  mind  of  the  student. 

Thus  it  has  come  to  pass  that,  on  account  of  these  and  other 
causes  to  which  I  may  refer  later  on,  there  has  been  during  the 
last  two  generations  a  relative  decadence  in  mathematical  study 
in  the  classical  colleges  of  our  country.  I  say  a  relative  decadence 
not  an  actual  decadence,  because  I  mean  to  assert  that  in  the 
gradual  increase  of  the  amount  of  study  required  for  the  degi*ee  of 
bachelor  of  arts  during  the  last  half  century,  and  the  consequent 
greater  maturity  of  the  recipients  of  that  degree,  the  department 
of  study  which  has  been  more  largely  concerned  is  that  of  the 
classics.  Moreover,  if  the  study  of  mathematics  is  necessarily  as 
barren  of  good  results  with  the  great  body  of  students,  as  I  have 
described  it  to  have  been  in  the  past,  then  it  must  be  confessed  by 
all  who  have  the  real  interests  of  education  at  heart,  that  it  has 
had  all  the  time  and  attention  it  deserves  in  our  college  courses. 
I,  for  one,  however,  do  not  for  an  instant  admit  this  to  be  the 
case.    I  am  convinced  that  mathematics  has  been  long  and  sadly 
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misnsed  at  the  hands  of  its  pretended  cultivators — the  classical 
colleges  of  this  country.  That  this  has  been  done  ignorantly  and 
in  obedience  to  long-established  educational  usages  makes  it  all 
the  more  imperative  that  we  should  make  it  our  duty  to  see  that 
so  important  a  matter  is  rectified  as  soon  as  practicable.  What 
the  misuse  of  mathematical  study  of  which  I  complain  is,  may  per- 
haps be  best  apprehended  from  a  statement  of  my  own  experience 
as  an  undergraduate.  Entering  college  with  the  usual  mathemati- 
cal outfit,  acquired  in  a  country  academy  in  Massachusetts,  I  was 
for  three  years  of  my  college  course  daily  examined  on  an  as- 
signed task  in  some  mathematical  text-book.  It  does  not  seem  to 
me  that  my  knowledge  of  mathematics  was  very  materially  in- 
creased during  that  time  by  this  process.  Certainly  a  good  teacher 
could  in  three  months'  time,  at  the  rate  of  one  lesson  per  day,  have 
taught  me  far  more  than  I  learned  by  the  process  to  which  I  was 
subjected,  and  I  have  reason  to  believe  that  I  was  not  an  inapt 
nor  an  indolent  student  in  this  branch.  This  plain  statement  will, 
I  think,  render  it  clear  what  the  difficulty  was.  The  study  was 
used  simply  as  a  form  of  mental  discipline  or  intellectual  gymnas- 
tics. The  object  sought  was  not  to  learn  how  to  use  this  the  most 
splendid  instrument  of  intellectual  research  3'et  devised  by  the 
wit  of  man.  Not  at  all ;  far  otherwise ;  it  was  regarded  only  as 
an  approved  means  for  sharpening  the  faculties,  for  whetting  the 
keenness  of  thought  and  intensifying  mental  concentration.  Now 
all  I  have  to  say  in  regard  to  this  is,  that  it  did  not  do  it ;  it  went 
wide  of  the  mark ;  and  that  too  in  face  of  the  fact  that  I  was  a 
willing  student  of  mathematics  from  an  inherited  love  of  the  study. 
I  have,  since  I  left  college,  had  some  taste,  as  I  believe,  of  the 
quickening  power  of  mathematical  thought,  but  I  did  not  fall  under 
its  sway  in  college,  nor  did  I  even  gain,  what  it  might  be  thought 
quite  possible  to  gain  there,  a  facility  in  the  algebraic  and  formal 
part  of  mathematical  reasoning  which  would  be  of  some  permanent 
use.  Of  such  training  I  had  next  to  none.  I  do  not  think  my 
case  an  exceptional  one. 

If  this  were  the  state  of  affairs  in  mathematics  alone,  it  would 
be  deplorable,  but  might  be  regarded  as  a  necessary  concomitant 
of  the  overmastering  interest  and  influence  of  the  study  of  Latin 
and  Greek,  which  occupy  a  larger  share  of  attention  during  the 
fii-st  half  of  the  college  course.  But  such  is  not  the  fact.  The 
fact  is  that  the  habitual  temper  and  attitude  of  college  life  is  one 
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that  tends  to  destroy  every  trace  of  intellectual  appreciation  for 
the  studies  embraced  in  the  curriculum,  and  the  tendency  is  so 
strong  that  it  pretty  effectively  accomplishes  that  result.  The  per- 
vading atmosphere  in  which  the  undergraduate  exists  and  his  daily 
environment  are  such  that  he  can  no  more  escape  its  deadly  effects 
upon  his  intellectual  life  than  he  could  a  miasma  or  a  malaria  which 
comes  from  no  one  knows  where.  There  is  an  underlying  conscious- 
ness running  through  the  whole  scheme  of  education  based  upon 
classical  study,  that  the  objects  of  such  study  are  not  in  themselves 
of  vital  importance  to  the  student,  but  that  their  value  is  chiefly  to 
be  found  in  the  reflex  influence  upon  the  person  submitting  to  its 
discipline.  Pretend  to  deceive  ourselves  as  we  may  upon  this  point, 
the  undergraduate  feels  this  with  every  breath  of  his  young  life.  By 
it  he  is  led  into  habitual  antagonism  to  his  instructors,  to  his  great 
detriment  intellectually  and  morally.  It  carries  a  thousand  evils 
in  its  train  beside  those  which  it  is  now  our  purpose  to  consider. 

Now  while  it  is  undeniable  that  all  liberal  study  is  valuable  for 
culture  of  the  mind,  and  it  is  unquestionable  that  knowledge  is  a 
valuable  possession,  and  the  acquirement  of  it  worth  the  most 
serious  effort  of  every  thinking  being ;  yet  it  is  still  more  indub- 
itable that  the  value  of  any  study  from  a  disciplinary  and  educa- 
tional point  of  view  has  a  direct  relation  to  the  interest  it  awakens 
in  the  mind  of  the  student.  What  zest  is  there  in  pursuits  which 
awaken  only  inward  disgust ;  or  how  are  the  best  powers  of  the 
mind  to  be  called  forth  by  subjects  of  feeble  interest  ?  It  is  beyond 
contradiction  that  all  of  us  have  an  appetite  for  mental  food.  The 
young  man  who  goes  to  college  is  no  exception  to  this  remark,  and 
the  food  he  craves  is  of  a  high  order  too.  I  insist  upon  it  that  he 
should  be  supplied  with  a  kind  of  intellectual  pabulum  suited  both 
to  his  capacities  and  to  his  tastes.  In  order  to  do  this  it  is  es- 
sential that  there  be  considerable  freedom  in  college  in  the  choice 
either  of  separate  studies  or  courses  of  study,  and  that  a  fixed 
curriculum  be  no  longer  made  compulsory. 

The  day  is  gone  by  when  it  is  possible  usefuHy  to  prescribe  a 
course  of  mental  discipline  solely  out  of  regard  to  its  supposed 
disciplinary  value.  That  is  a  relic  of  mediseval  scholasticism. 
Our  classical  colleges  are  the  strongholds  of  this  scholasticism 
and  there  is  need  that  we  cry  aloud  and  spare  not,  taking  for  our 
text  the  words  :  ^'  the  letter  killeth,  but  the  spirit  maketh  alive.'' 
The  hollowness  and  mockery  of  such   a  proposition   respecting 


ADDRESS  BT  HENBT  T.  EDDT.  43 

learning  can  only  be  rightly  compared  to  that  of  the  atheist  who 
■insists  upon  the  value  of  pra3*er  merely  for  its  good  influence  upon 
the  spirit  of  the  petitioner.  This  world  has  too  many  great  inter- 
ests, too  many  living  issues,  even  in  mathematics,  to  permit  the  pall 
of  such  a  piece  of  sham  to  darken  the  young  life  and  wither  the 
bloom  of  the  intellectual  hope  of  our  land.  I  do  not  say  this  from  a 
utilitarian  point  of  view,  nor  do  I  for  a  moment  take  the  position 
that  classical  study  is  in  itself  a  delusion,  nor  that  the  ancient  lan- 
guages and  philological  science  are  not  most  worthy  and  inspiring 
objects  of  study  for  those  who  really  intend  to  know  something  of 
them,  or  for  those  whose  tastes  and  capacities  fit  them  for  their 
pursuit.  But  I  do  distinctly  afiQrm  that  taken  in  the  ordinary  way, 
as  a  course  of  discipline,  their  effect  is  evil  and  evil  continually. 
As  a  lover  of  sound  learning  and  good  education,  I  wish  to  express 
the  conviction  with  all  the  emphasis  I  can,  that  not  only  is  math- 
ematical progress  stayed  by  its  baleful  and  palsying  influence,  but 
that  this  demoniacal  spirit  of  study  for  the  sake  of  discipline,  which 
possesses  our  colleges,  must  be  cast  out  before  they  can  rigiitly 
train  either  classical  or  mathematical  scholars,  or  stand  where  they 
should  stand,  in  the  forefront  of  higher  culture  in  the  liberal  arts 
and  sciences. 

But  to  turn  now  from  these  severe  animadversions,  which  I  am 
sorry  to  feel  truth  compels  me  to  utter,  to  brighter  and  more  en« 
couraging  aspects  of  the  question  ;  I  should  be  justly  blameworthy 
for  using  such  language  in  criticism  of  my  time-honored  alma  mater 
and  other  foremost  seats  of  classical  culture  were  I  not  convinced 
not  only  of  their  truth  but  of  the  possibility  of  entirely  removing 
most  of  the  grounds  for  such  criticism  ;  and  this  by  the  introduction 
of  a  spirit  of  study  very  different  from  the  disciplinary  spirit,  a 
spirit  which  for  the  lack  of  a  better  name  we  may  call  the  scientific 
spirit ;  a  spirit  of  sincere  and  earnest  inquiry  after  knowledge.  It 
is  impossible  for  words  of  mine  to  convey  to  those  who  have  not 
happened  to  live  within  the  atmosphere  of  institutions  pervaded  by 
this  spirit,  any  just  conception  of  the  mighty  impulses  and  intel- 
lectual awakenings  it  calls  forth  in  those  young  minds  who  by  good 
fortune  are  educated  under  its  influence. 

This  spirit  is  not  inimical  to  classical  study.  It  is  inimical  to 
no  branch  of  liberal  learning.  It  is  the  benign  alma  mater  of  every 
worthy  intellectual  pursuit.  We  have  in  this  land  many  institu- 
tions full  of  the  high  endeavor  which  it  inspires.    These  are,  too 
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many  of  them,  technological  schools,  and  schools  devoted  to  the 
study  of  the  sciences.  The  reason  is  obvious ;  since  these  are  sub- 
jects of  instruction  which  appeal  to  the  interest  of  a  large  propor- 
tion of  the  students  who  attend,  the  effort  of  the  teacher  is  to  convey 
a  real  knowledge  of  the  subjects  taught,  the  manner  of  teaching 
being  a  secondary  matter ;  and  further,  these  are  not  subjects 
which  lend  themselves  readily  to  the  disciplinary  method.  There 
is,  however,  apparently  no  reason  why  the  spirit  whiclj  so  largely 
animates  scientific  study  should  be  confined  to  that  kind  of  study, 
for  it  is  not  the  nature  of  the  study  which  determines  the  spirit  in 
which  it  shall  be  pureued. 

Mathematics  is  a  case  very  much  in  point  in  this  regard.  I  have 
already  stated  the  position  which  it  occupies  where  the  disciplinary 
spirit  prevails.  I  could  wish  now  to  give  you  some  conception  of 
the  place  of  honor  which  I  have  found  it  to  occupy  in  the  esteem, 
and  I  may  say  affections,  of  students  in  institutions  where  a  spirit 
of  free  inquiry  prevails  ;  but  I  fear  that  I  shall  seem  as  one  who 
out  of  an  exuberant  imagination  unfolds  a  vision  of  Utopia.  But 
where  enthusiasm  lights  the  torch  marvels  come  to  pass.  The  truth 
is,  young  men  of  spirit  will  not  shirk  hard  work,  if  they  are  con- 
vinced that  by  it  they  can  open  up  any  fair  field  of  knowledge 
which  appears  desirable.  -All  I  can  say  is,  that  under  such  influ- 
ences, I  have  seen  students  gain,  during  the  first  half  of  their  college 
course,  such  familiarity  with  those  branches  of  higher  analysis 
which  are  the  common  groundwork  of  modern  investigation  in 
analytical  mechanics  and  mathematical  physics,  as  to  have  really 
open  to  them  the  literature  of  these  subjects,  and  this  not  in  iso- 
lated instances  merely,  but  with  class  after  class. 

I  believe  that  it  is  the  right  of  a  student  of  the  liberal  arts  in  our 
colleges  and  universities  to  have  such  a  training  given  him  in  his 
chosen  pursuits  as  shall  carry  him  to  a  point  where  the  great  gen- 
eralization of  that  branch  lies  open  to  his  view,  and  where  he  shall 
be  able  intelligently  to  begin  his  work  as  an  independent  student 
in  that  department  of  knowledge,  if  not  as  one  of  the  working 
force  of  investigators  in  that  department,  with  some  just  compre- 
hension of  its  scopes  and  its  processes.  If  this  can  be  done  in  the 
case  of  mathematics  there  will,  assuredly,  be  no  difiSculty  in  other 
departments.  It  is  popularly  supposed,  as  before  stated,  that  the 
number  fitted  by  nature  for  mathematical  study  is  small.  Such, 
I  have  been  convinced  against  my  preconceived  opinions,  is  not  the 
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fact.  It  is  a  stady  as  much  sought  after,  and  pursued  as  eagerly 
as  any  other  branch  of  liberal  study,  provided  only  that  the  teach- 
ers  thereof  are  themselves  men  who  have  a  live  interest  in  the  sub- 
ject, are  capable,  patient  and  apt  at  giving  instruction. 

This  leads  me  to  discuss  somewhat  more  in  detail  the  scope  of 
mathematical  instruction  in  college. 

The  geometry  of  Euclid  has  long  held  a  post  of  honor  in  the 
mathematics  of  the  college  course.  The  cause  for  this  is  easily 
seen.  It  is  a  subject  which  lends  itself  more  readily  than  any 
other  branch  of  mathematics  to  the  form  of  discipline  in  vogue. 
What  worlds  of  cruelty  have  been  perpetrated  in  the  name  of  math- 
ematical drill  in  teaching  Euclid !  It  is  a  study  which  ought  not 
to  be  in  the  college  course  at  all,  but  should  be  finished  in  the  pre- 
paratory schools.  The  important  mathematical  truths  arrived  at 
by  Euclid's  methods  are  not  very  numerous,  and  it  is  not  for  their 
sake  that  the  study  is  so  insisted  on  by  disciplinarians.  It  is  insisted 
on  for  far  other  purposes,  and  with  designs  very  foreign  to  that  of 
arriving  at  the  clearest  and  largest  knowledge  by  the  easiest  and 
most  direct 'processes.  A  moderate  amount  of  drill  in  Euclid  may 
be  very  necessary  for  the  purpose  of  learning  logic  in  a  practical 
way,  but  let  it  be  so  understood  and  not  sail  under  false  colors. 
It  certainly  is  a  matter  of  vastly  more  importance,  as  a  piece  of 
mathematical  training,  to  have  the  student  of  Euclid  acquire  the 
habit  of  discovering  for  himself  the  demonstration  of  new  proposi- 
tions than  that  the  study  of  Euclid  should  be  made  a  huge  memor- 
iter  exercise  as  is  usually  done  in  college.  It  is  one  serious  count 
in  the  indictment  against  study  for  the  sake  of  discipline  as  its 
principal  object,  that  the  availability  of  a  study  for  such  a  purpose 
has  no  necessary  relation  to  its  value  as  a  part  of  human  knowl- 
edge. By  reason  of  this  it  has  come  to  pass  that  the  relative  im- 
portance of  Euclidian  geometry  as  compared  with  other  parts  of 
mathematics  has  not  been  properly  regarded  in  our  college  courses. 
Higher  analysis  is  the  method  by  which  modem  discoveries  have 
been  reached,  based  to  be  sure  in  many  cases  upon  geometrical 
and  mechanical  ideas,  but  nevertheless  having  little  in  common 
with  Euclid. 

It  is  greatly  to  be  desired  that  the  study  of  Euclid  should  be  pre- 
ceded by  exercises  in  practical  geometry.  Every  instructor  of 
geometry  is  aware  how  much  those  boys  excel  in  this  study  who 
have  had  some  practical  experience  in  the  use  of  carpenters'  or 
mechanics'  tools.     The  clear  apprehension  of  geometrical  rela- 
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single  mathematical  subject  could  be  taken  as  a  gauge  of  the  suc- 
cess or  lack  of  success  in  the  higher  mathematical  instruction  of 
our  colleges,  the  calculus  would,  I  think,  fuiiiish  a  more  sati^factoiy 
test  than  any  other.  When,  as  often  happens,  our  college  grad- 
uates go  abroad  for  post-graduate  study  in  departments  requiring 
previous  mathematical  training,  what  do  they  find  their  acquire- 
ments in  this  direction  to  amount  to?  I  think  I  may  say  that  a 
large  proportion  of  them  find  themselves  almost  hopelessly  lacking 
in  the  essentials  of  such  training  and  not  at  all  fitted  to  make 
proper  improvement  of  the  advantages  of  which  they  have  sought 
to  avail  themselves.  Our  young  men  are  unequal  to  the  mathe- 
matical studies  which  those  of  the  same  age  but  of  European  aca- 
demic training  successfully  carry.  Now  where  does  the  difficulty 
lie  ?  Not  in  any  inferior  talent  for  these  studies,  as  I  have  the 
best  of  reasons  for  believing,  but  from  lack  of  opportunity  for 
obtaining  a  comprehension  of  the  infinitesimal  calculus,  in  which 
they  usually  find  themselves  almost  wholly  wanting.  If  these 
picked  students  find  themselves  thus  deficient,  it  goes  without 
saying  that  the  knowledge  others  have  of  this  subject  must  be 
meagre  indeed.  Calculus  is  not  omitted,  I  suppose,  from  the  scheme 
of  study  of  any  classical  college  in  this  country,  but  it  is  hardly 
too  much  to  say  that  so  far  as  any  real  knowledge  of  it  is  concerned 
it  might  as  well  be  omitted  from  the  curriculum  of  nearly  all  of 
them. 

Several  circumstances  conspire  to  produce  this  state  of  things. 
On  making  an  examination  of  a  large  number  of  catalogues  con- 
taining the  courses  of  study  of  such  institutions,  it  is  found  that 
the  text-books  in  use  are  of  such  very  elementary  and  defective  a 
character,  that  when  the  instruction  is  confined  to  what  they  con- 
tain, as  it  usually  is,  no  sufficient  knowledge  of  the  subject  can  be 
obtained  from  them.  They  are  constructed  on  the  plan  of  omitting 
almost  everything  which  may  present  any  special  difficult}'.  Even 
where  the  text-book  in  use  is  a  better  one,  the  method  of  instruction 
is  wrong.  After  making  all  due  allowance  for  the  difference  in 
methods  due  to  the  personal  peculiarities  of  teachers,  the  truth 
still  remains  that,  in  order  to  impart  a  knowledge  of  this  or  any 
other  difficult  subject,  it  must  be  really  taught.  N'ow  it  has  been 
in  effect,  assumed  by  those  imbued  with  the  disciplinary  spirit 
that  a  knowledge  of  this  subject  could  be  conveyed  to  the  student 
by  daily  recitation  upon  its  principles  and  developments.      I,  for 
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one,  am  convinced  that  no  explanation  of  its  principles,  however 
clearly  made,  and,  I  raj^y  add,  however  completely  understood,  will 
impart  a  practical  knowledge  of  this  most  important  method.  It 
is  as  useless  to  attempt  it,  as  to  try  to  prepare  an  army  for  the 
battle  field  by  a  daily  lecture,  instead  of  a  daily  drill ;  or  by  ex- 
plaining tactics  instead  of  practising  them.  The  one  thing  should 
be  done,  but  the  other  must  not  be  left  undone.  This,  I  think, 
touches  the  grand  difficulty  in  our  whole  scheme  of  mathematical 
instruction.  An  attempt  has  been  made  to  reverse  the  natural 
order  of  things  in  mathematical  study  in  the  same  manner  as  has 
been  done  in  that  time-honored  custom  of  trying  to  learn  language 
by  first  studying  its  grammar.  There  is  a  natural  method  in  the 
study  of  mathematics,  just  as  truly  as  there  is  of  language,  and 
the  employment  of  it  is  followed  by  results  equally  surprising  in 
both  cases.  The  important  processes  actually  employed  in  cal- 
culus are  not  so  very  numerous  nor  are  they  especially  difficult  to 
acquire.  No  real  use,  however,  can  be  made  of  its  methods  until 
these  are  acquired.  It  must  often  happen  that  the  full  significance 
of  such  processes  is  not  apprehended  until  long  after  they  are  em- 
ployed with  dexterity.  Certain  it  is  that  such  dexterity  and  famil- 
iarity conduce  wonderfully  to  their  correct  comprehension.  Such 
treatises  as  those  of  Todhunter,  Williamson  and  Boole  contain 
invaluable  lists  of  selected  exercises  from  which  such  dexterity 
can  be  obtained.  The  text  of  such  works  affords  ver}'  little  diffi- 
culty even  to  students  of  moderate  capacity  provided  they  have 
acquired  ready  skill  in  the  algebraic  work.  This  ready  skill  is  not 
a  rare  and  difficult  accomplishment  at  all : — no  more  so  than  is  the 
ability  to  perform  chemical  analysis  a  rare  gift.  It  simply  needs 
cultivation  by  some  one  who  has  such  ready  skill  himself.  But 
this  kind  of  work  is  not  in  accord  with  the  disciplinary  spirit  and 
can  hardly  flourish  where  that  spirit  prevails. 

How  much  the  true  spirit  of  mathematical  instruction  has  been 
misconceived  in  classical  colleges  may  be  seen  from  an  occurrence 
which  was  not,  I  am  led  to  believe,  of  an  unusual  character.  A 
gentleman  of  distinguished  classical  attainments  and  linguistic  tal- 
ents, now  a  valued  professor  in  that  department,  who  had  spent 
several  years  Abroad  perfecting  himself  in  his  specialty,  on  return- 
ing from  Europe  accepted  the  position  of  tutor  at  Yale.  On  as- 
suming the  duties  of  that  office  what  was  his  surprise  and 
indignation  at  finding  that  the  department  of  instruction  to  which 
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he  was  assigned  was  mathematics,  and  the  subject  algebra — a 
subject  wholly  foreign  to  his  tastes  and  special  requirements  — 
one  indeed  which  he  had  not  touched  since  his  freshman  3'ear. 
Evidently  the  only  duty  expected  of  him  was  to  hear  recitations 
from  a  text- book,  and  give  marks  for  such  recitations.  The  daily 
marking  system  is  perhaps  the  most  characteristic  and  most  per- 
nicious outward  expression  of  the  disciplinary  spirit.  How  have 
the  evils  of  that  system  been  intensified  in  our  larger  and  older 
colleges  by  the  wholesale  manner  in  which  the  work  is  done !  The 
work  of  recitation  and  instruction  can  no  doubt  often  be  advanta- 
geously combined,  but  what  is  the  probability  that  valuable  in- 
struction will  be  communicated  during  the  hour  to  which  the 
exercise  is  confined  when  the  number  of  students  in  the  recitation 
room  is  thirty,  forty  or  even  more?  Not  more  than  fifteen  or 
twenty  can  in  one  hour's  time  have  separate  personal  contact  with 
an  instructor  which  is  of  practical  value.  What  a  perversion  of 
the  purposes  of  the  noble  endowments  for  higher  education,  to 
expend  almost  the  entire  energy  of  the  teaching  force  of  the  many 
institutions  who  adopt  this  system,  in  a  daily  effort  to  weigh  with 
minutest  accuracy  the  fidelity  with  which  assigned  tasks  have 
been  committed  to  memory — I  am  not  willing  to  say  understood  ! 
How  sadly  this  fails  to  accomplish  the  worthiest  ends  of  educa- 
tion !  So  entirely  has  memoriter  recitation  gained  control  of  the 
educational  field  in  our  colleges  and  so  completely  has  it  stifled 
free  inquiry,  that  there  is  no  opportunity  for  a  student  to  ask  a 
single  question  of  his  instructor.  In  my  college  days,  a  question 
from  a  student  during  recitation  was  unknown,  and  would  have 
been  regarded  by  the  student  world  as  overstepping  the  bounds  of 
propriety.  How  little  opportunity  there  was  out  of  recitation  for 
questions  is  evident  when  the  size  of  the  classes  is  considered. 

What  other  mathematical  subjects  should  be  included  in  the 
course  of  the  liberal  arts  it  is  not  my  object  at  this  time  to  attempt 
to  decide.  If  we  but  once  succeed  in  getting  the  instruction  upon 
a  healthy  basis  the  question  will  decide  itself  in  accordance  with 
experience  and  the  needs  of  science.  The  most  diverse  views  may 
be  entertained  as  to  whether  the  college  course  can  embrace 
analytical  mechanics,  or  the  theory  of  determinants  (now  so  uni- 
versally used)  or  whether  it  can  omit  vector  and  quaternion  anal- 
ysis. When  I  mention  subjects  so  far  out  of  the  ordinary  range  of 
undergraduate  study,  I  am  aware  that  I  shall  be  met  with  iucre- 
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dulity  as  to  its  possibility.  Wben,  however,  I  find  that  in  our 
small  western  college,  graduating  less  than  a  dozen  annually,  we 
have  now  had  for  years  volunteer  classes  pursuing  all  these  and 
other  subjects  annually  with  success,  I  do  not  share  in  any  incre- 
dulity as  to  its  practicability  or  profitableness. 

In  conclusion,  I  wish  to  call  for  reform  in  our  mathematical  teach- 
ing. I  call  for  deliverance  from  the  imprisonment  it  has  suffered, 
for  removal  of  the  bands  with  which  it  has  been  bound.  I  call 
for  the  introduction  of  a  spirit  of  free  inquiry.  Let  not  all  mathe- 
matical teaching  be  run  in  one  narrow  mould.  Let  it  not  be  so 
conducted  that  he  who  has  neither  taste  for  the  study  nor  special 
knowledge  of  it,  stands  on  an  equal  footing  as  a  teacher  with 
the  man  of  real  mathematical  insight.  Mathematics  has  been 
termed  the  science  of  necessary  conclusions.  It  furnishes  the  in- 
dispensable groundwork  for  the  study  of  exact  science.  It  fills  a 
wide  field  in  the  intellectual  needs  of  any  people  of  strong  intel- 
lectual powers.  It  awakens  the  interest  and  stimulates  the  open 
iug  mind  as  do  few  studies.  One  study  of  genuine  interest,  one 
worthy  and  absorbing  pursuit  is  sufiScient  to  drive  away  lethargy 
and  slauip  a  mauly,  vigorous  character  upon  a  young  man.  We 
cannot  afford  tp  let  this  blade  of  Damascus  rust  in  its  scabbard. 
Kow  is  a  favorable  time  for  revising  our  estimates  of  what  can  and 
ought  to  be  done  in  this  field.  Higher  mathematical  culture  has 
commenced  a  new  and  fruitful  growth  in  this  country  in  various 
places,  but  nowhere  with  more  promise  than  at  the  Johns  Hopkins 
University,  at  Baltimore,  that  wonderful  new  star  in  the  galaxy  of 
American  Universities.  To  lofty  ideals  must  be  joined  sound  learn- 
ing, great  patience,  and  an  ambition  never  to  rest  until  we  occupy 
the  foremost  place  in  intellectual  achievement.  Many  of  our 
younger  mathematicians  have  won  golden  opinions  for  their  abili- 
ties and  zeal  in  foreign  universities.  I  think  we  ought  to  form  an 
association  of  the  mathematicians  of  this  country  for  the  purpose 
of  concerted  action  in  improving  the  mathematical  training  in  our 
colleges,  in  which  the  fire  and  enthusiasm  of  this  young  blood 
should  be  called  upon  to  help  on  the  cause.  No  learned  body 
among  us  has  a  more  vital  interest  in  this  question  than  the  one 
I  now  have  the  honor  of  addressing.  I  therefore  need  make  no 
apology  for  attempting,  as  I  have  done,  to  fix  your  attention  upon 
those  phases  of  it  which  have  been  suggested  to  me  by  my  expe- 
rience. 
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Phenomena  observed  upon  the  solar  surface  prom  1881  to 
1884.  By  Rev.  S.  J.  Perry,  Stonyhurst  College  Observ- 
atory, Whalley,  England. 

[AB8TSACT.] 

The  principal  subject  contained  In  this  communication  was  the 
classification  of  the  faint  evanescent  markings  that  are  always 
visible  on  the  sun.  The  only  observer  who  had  previously  made 
any  serious  study  of  these  objects  was  E.  L.  Trouvelot  whose  re- 
searches at  the  Harvard  College  Observatory  in  1875  were  known 
to  the  author  only  through  the  few  lines  on  the  subject  in  Prof. 
Young's  work  on  the  sun.  Trouvelot  classed  them  all  as  "  veiled 
solar  spots,"  but  the  author  of  this  paper  has  thought  it  more  ad- 
visable to  divide  them  into  three  classes. 

Class  1.  Ill-defined  patches  of  a  cold  grayish  tint,  which,  indi- 
vidually, never  last  for  more  than  three  minutes.  They  are  scat- 
tered over  the  whole  of  the  surface,  and  appear  suddenly  as 
irregular  patches.  The  sudden  appearance  of  many  of  these  faint 
objects  in  the  same  locality  and  their  rapid  development,  frequently 
give  rise  to  a  blurred  appearance  which  has  been  so  marked  a 
feature  in  Dr.  Janssen's  magnificent  solar  photographs. 

Class  2.  Other  faint  spots  appear  at  first  as  small,  dark  and 
fairly  defined  dots,  and  after  retaining  this  appearance  for  about 
two  minutes,  suddenly  spread  out  and  cannot,  at  this  stage  of  their 
short  existence,  be  distinguished  from  spots  of  the  first  class. 
These  are  also  found  in  ever}^  heliographic  latitude  and  at  all  times, 
and  never  last  more  than  a  few  minutes. 

Class  3.  This  last  class  of  ill-defined  spots  approaches  much 
nearer  to  the  ordinary  spots  than  those  already  mentioned.  They 
have  never  been  seen  outside  the  spot  zones  and  are  generally  in 
the  immediate  vicinity  of  spot  groups,  but  they  remain  indistinct 
throughout  their  whole  period  of  visibility.    They  last  sometimes 
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:*'  !'  1  >•▼  joiir^  '•:»:*  xaj  -.e  x^TitiroIIj  seen  for  two  or  three  days. 
TTieir  roniiac.«;a  !:»  i.;?:are:i:.T  rerr  npid.  b«t  thej  disappear  grad- 
na*!'". 

Til--*  Oiaj*?«Ldcat!«:ii  of  the  faict  solar  spots  was  followed  b}'  some 
rnniarii^  -jd  tiie  ^rot  ica:x'c:ium  of  1^-92-3  :  on  the  position  of  faculse 
wiiii  re*?p«?t:t  to  '•[ots,  otferlng  an  explanation  of  the  apparent  lag- 
liinix  of  facuije  betiinil  large  spots;  on  abnormal  extensions  of  the 
penumora :  on  dark  siiaJows  seen  in  connection  with  faculse ;  on 
the  colors  seen  in  spots ;  and  on  the  motion  observed  on  several 
occasions  when  the  nK>Ting  bodj  remained  always  projected  on  the 
solar  disk  &om  its  fir^t  to  its  last  appearance. 


Description  op  a  vodel  op  a  ruled  cubic  surface  knowk  as 
THE  CYLiNDROiD.  By  Prof.  RoBERT  S.  Ball,  Royal  Astron- 
omer of  Ireland,  Dublin,  Ireland. 

[ABSTRACT.] 

In  a  work  on  the  "Theory  of  Screws"  published  in  1876^  I 
discussed  the  various  kinematical  and  dynamical  relations  of  the 
ruled  cubic  surface  of  the  third  degree  which  is  detinevt  by  the 
equation. 

This  surface  had  been  discovercvl  by  F'.u.Ir^r  ar:.;  b^  ha^L  the 
writer  is  informed,  made  a  moilel  of  it  to  •  \:s:ru:ie  ::s  a:- |.':casioa 
ill  the  theory  of  the  Linear  Complex.  I:  .vv.v*  a^s:  *:ojr«-er  ap- 
pear that  Piiicher  had  ever  coatea>i.\a:c\:  :  c  5.^1  k-xace  ct'  ::Jj5 
hurrnce  except  in  the  region  ot  puie  ^^.va:v~.^  V*:ti  .•:  :i.iau'.-al 
iiit«M,-»t  of  the  surface  is  however  verv  ^-v.*:  ,k>  ^  x'  i:i.'*irsccc*i 
tidin  the  following  enumeration  of  a  :t  «t  .n'  "^  vi-  rv-.  •  .y^ 
\Vc  tiint  premise  the  toUowing  wcL«^v'io»  i  jwviv  115^  • 
/  i )  AijV  movement  of  a  rigid  bo\iy  cu;!  v  *.•  v  i\-,..  »  4  rT:sc 
,»•,  >..«.  u  ^*  lew  ^Lneaairs:  I'V  a  twist,  a  rvUi.  ca  **•  u  :•  »a  ix::$  43^? 
u    ..,  M»::A»:i--u   i'Arullel  thereto  and  e^iuui.    ,v    ^v    '.- v..;vv  ^4" 
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(2)  Any  system  of  forces  acting  on  a  rigid  body  can  be  expressed 
by  a  wrench  on  a  screw  (meaning  by  a  wrench,  a  force  along  an 
axis  and  a  couple  iit  a  plane  perpendicular  thereto,  the  moment  of 
the  couple  being  the  product  of  the  force  by  the  pitch  of  the 
screw). 

If  three  twists  be  so  related  that  the  body  by  the  last  twist  is 
restored  to  the  position  which  it  had  before  the  first,  then  the 
three  screws  must  lie  on  a  cylindroid  and  their  pitches  will  be 
given  by  the  law, 

p  =  c  +  m  co«  2  ^ 

Where  p  is  the  pitch  of  any  screw  on  the  cylindroid  and  where  c 
and  m  are  constants  and  6  is  given  by  writing  the  cylindroid  in 
the  form, 

y  =  x  tan  6 
z  =zm  sin  29 


\ 


If  three  wrenches  applied  to  a  rigid  body  equilibrate,  then  the 
three  screws  must  lie  on  a  cylindroid  and  their  pitches  will  be  as 
just  defined. 

It  follows  that  the  composition  of  twists  or  displacements  of  a 
rigid  system  and  the  composition  of  wrenches  follow  the  same  laws. 

This  is  the  foundation  of  the  Theory  of  Screws,  which  will  be 
found  fully  developed  in  the  work  referred  to. 

The  model  of  the  surface  which  has  been  figured  in  the  frontis- 
piece of  the  "Theory  of  Screws"  did  not  exhibit  the  nodal  line 
which  is  one  of  the  most  interesting  of  the  features  in  the  geomet- 
rical theory.  I  therefore  have  recently  availed  myself  of  the 
mechanical  skill  of  Mr.  Howard  Grubb  to  construct  a  model  on  an 
improved  principle.     This  model  is  now  submitted  to  the  meeting. 

A  brass  cylinder  was  mounted  on  a  dividing  engine  and  holes 
were  drilled  into  it  in  the  calculated  positions.  Through  each  of 
these  holes  a  silver  wire  was  passed  to  the  hole  diametrically 
opposite.  These  wires  intersected  in  the  axis  of  the  cj'linder  and 
a  most  beautiful  and  interesting  model  is  the  result.  The  tangent 
cone  to  the  surface  from  any  point  has  three  cuspidal  edges. 
These  are  most  beautifully  shown  and  change  with  every  varying 
aspect  of  the  model. 


S4  BiCTioir  ▲. 

OlC     A   OKOMKTRICAL     IMTEHFRETATION    OV    THE  LINEAR    BILATERAL 

QUATBRMiOK  EQUATION.     By  Iryino  Strin«ham,  Professor  of 
Mathematics,  University  of  Califoniia,  Berkeley,  Cal. 

[ABSTRACT.] 

IlASftLTON's  solution  of  the  equation  aq  -|-  gai  =  c  (a,  a^  and  c 
being  known  constant  quaternions)  is 

q  =  {Ka  •  c  4-  c  •  aO  {a^  +  2aiASa  +  aKa)-^. 
Wlion  Sa^  —  Sai  and  Ta  =  Ta^^  this  expression  for  p  becomes 
iiulotcrminate,  and  the  equation  requires  a  different  method  of 
triiatnicnt. 

I  (list  solve  the  equation 

Td  •  p  +  P  *  ^^*i  =  0,  or  ap  +JP  <*!  =  0 .  [a  =  Fa  a  1  z=  Vai^-"] 
Wo  have  here  successively 

S{a+a;irp=0, 
Vp=x{a  —  a{)  +  y  Faai, 
that  is  p  =  x(a  —  «i)  +  y  Vaa^  +  Sp^ 

ffinco  by  the  condition  of  the  first  of  these  equations,  Vp  must  lie 
\\\  a  plane  |>orpondioular  to  (a-^-oi).  If  this  expression  for 
p  bo  substitutoii  in  the  equation  ap+pai=0,  the  part  involv- 
ing st\<A  —  tf|)  will  vanish  and  we  shall  have  remaining 

(it  +  «i)  5/>  +  y  (a  —  «i)  r««i  =  O, 
Ax>m  which  tho  value  of  «Sf>  is  easily  found.      The  completed  ex- 
|Mvs7^iv>u  for  p  i^$uU$  in  the  fi>rm 

pz=ix  (« —  tfO  — y  «  («  —  «i)- 
f\^Uowinj3:  an  inierpivuUon  firs^t  sttgire$t<Hi  to  me  by  Professor 
KUnu,  I  define^  in  gx^un^K  exx^ry  qiiaternioii  to  be  a  directed  right 
lino  in  5t|\WN>  of  f\Mir  dimensions*  ITndor  t.hi$  interpretation,  p, 
lvh\i>  IW  *uw  of  arbitrary  mu'iiples  of  tm^  fixed  straight  lines, 
e\i^iout\x*  ^irenei^aies  a  plane   i^of  the  oixiinary  kind)    passing 

bi  ^v^wr  !o  obuiii  ibe  <vNmpVie  ^V.^auva  for  «  ^ -^^  ^a,  =  c,  we 

bjvx-e  or.^.x  to  r'r,.^  ,^r,x  r^^'i^o  of  q  %:  vh  ^;1«  SAi.isfy  the  eqnatioD, 
;nivi  ?i.M  il  a>  a  fNNr.sUsnt  to  the  <'Vj»:vss^on  aK^ve  fcMond  for  p. 
\X  ,;'nn^.1  tViTftonNslv.i:  boiv  I  he  weUnv^^of  oStAir.'nc  J^n^ii  a  Taloeof 
i  >«*;,  t  h  woi.  /.  »e,s.^  n>e  ir.Jo  TJ^J^u^:'s  I  oj%di)01  oor.fine  within  the 
;  )>  >.N  ,\r  nn>  r.^.  vv  -  -1  n^ory.x  *r  t^r  <JO*r,  one  of  these  values, 
\  r,  ,  }  f.  \\  ronvsvkii.c  ;K,Hl  \\  rop.v-^oi.:*  ceomeirir4i**y  the  pcr- 
jN'r.N^i.'^^r    ,Vojr.    Ov   oriv^  r,  uivm;   ;)><    ji.mK"   mhose  equation  is 
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m 

The  complete  solution  of  this  equation  appears  now  in  the  form 

g  =  ^  a~*  C  +  0?  (a  —  aO  —  y  a  (a  —  i), 
the  geometrical  signification  of  which'is  evident,  viz.,  q  generates 
a  plane  passing  through  the  extremity  of  and  perpendicular  to 
i  a~»  c. 

The  relations  of  such  planes  to  each  other  in  four  dimensional 
space,  their  intersections,  conditions  of  parallelism,  perpendicu- 
larity, etc.,  I  shall  discuss  at  greater  length  on  another  occasion. 


On  THK  ROTATION  OF  A  RIGID  STSTEM  IN  SPACE  OF  FOUR  DIMEN- 
SIONS. By  Irving  Stringham,  Professor  of  Mathematics, 
University  of  California,  Berkeley,  Cal. 

[ABSTBACT.] 

I  SHALL  assume  the  following  theorem  which  may  be  easily 
proved  ;  viz. :  q  and  qi  may  be  so  determined  that  any  quaternion 
p  may  be  transformed  into  any  other  quaternion  pi,  whose  tensor 
is  the  same  as  that  of  jp,  by  means  of  the  operator  q{  )9i~~S  i.  6.,  so 
that  qpqr^  =Pi'  The  tensors  of  q  and  qi  may,  without  loss  of 
generality,  be  assumed  to  be  unity. 

The  object  of  this  notice  is  to  explain  the  geometrical  significance 
of  this  operation,  which  may  with  propriety  be  called  a  rotation  in 
four  dimensional  space, inasmuch  asp,  representing  a  straiglit  line 
drawn  from  the  origin  to  any  point  in  the  space,  may,  if  the  above 
theorem  be  true,  be  rotated  into  any  other  such  line  by  means  of 
the  above  operator. 

If  q  and  qi  be  written  in  the  forms 

g  =  A  »  =  cos  |-  -[-  ^  sin  ^ 

gi=.li'  =  co8^  +  ;i8in^ 

and  the  substitutions  ^  =  ^^-y^i  ^i  =  — -y^  be  made,  the  oper- 
ator under  consideration  will  assume  the  form 

or  q{)qr^  =  8r{)  rr^  «i. 

It  will  in  other  words  be  resolved  into  two  constituent  operators 
^  (  )  ^r"*»  •  (  )  *i  >  In  which  the  special  relations  Srz=:  Sri  and 
Ss  =  Ssi  exist.  The  geometrical  interpretation  is  made  by  means 
of  these  two  forms  * 
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VtiMitu  i\i^*'tfi  w^jmraiely,  I  obsen'e  that  rprj~*  may  be  devel- 

o)/<*/l  111  tliif  form 

I4ImI  Unit  \f  p  hi*,  my  choHcn  an  to  satisfy  the  eqaation  kp  — p  Xi  =  0, 
IM)  ciirin^n  111  /;  tftkoH  place,  ro  that  no  point  in  the  plane  whose 
(•(|iMiti(iii    Ikim  Jimt  been  written    is    disturbed  by  the  operation 
r(  )/•,   ^ 
lint  H^aln,  r;;  9V'*  ")<^y  ^^i^^  ^^  developed  in  the  forni 

r  p  r{~  ^  z=  r^p  —  ^*  (^ P  +  P  ^i)» 
ir  thon  ;j  lio  ho  choMon  as  to  satisfy  the  equation  Xp  -^  p  Xi=.  0, 
wv  linvo 

\\\\\  r^/»  iiImo  mvtlHnoH  tho  above  equation  whenever  p  satisfies  it, 
\U,  I  ^  v^p  -f  r^/)  --  ^'^-J  (Xp  +i>'^i)  =  0,  and  the  tensor  of  r^p 
U  tlu»  wjuuo  «M  thnt  of;)  itself;  p  in  this  ease,  therefore,  is  merely^ 
dU|^UuMMl  «»  tho  plnno  whose  equation  is  ip +p^i  =  O  and  its 
oNtremUy  nioxen  \\\\o\\  tlio  oiivumfei-ence  of  a  circle. 
N\>\\  b\  xMilin^*  p  In  I  he  form 

p  {V^'^Vx  +  Px  y^x^+^yr.pi  —  Pirr^), 
\>ue  »hioh  \{  \s  «h>jus  jH^ssible  to  give  any  quaternion,  it  will 
b\^  I\m\iuI  IhiU  I  he  operator  r  ^  ^  r{^^  loaves  tho  first  parenthesis 
uuehnuvixsi  xxhile  the  mhviuI  U  $v>  ohangwi  a^  always  to  represent 
a  »u>e  ui  tJ\e  sau\e  \^',h^u\  and  it*  teusk^r  ovivier4:Iy  remains  im- 
v*Vhv.<\\1  ,  ^^o\\^v^  tf  :■  \x  \^*.vvou;  ai^v  i^traii:*,:  line  whatever  in  space 
sn  loiv,  ^^,'\^^v>^^vs^  \:s  e\::v:r  :\  *'U  a>3ivs  ruove  rron  the  cir- 

V  *  * 

To  v^  %^'0^  o' ;  0^^  v'/A'\**  A  V  r  A  vv.:,^  I*  s^evfe  i\ir'jL"\*l  :o  each 
o'/  o^x  '^  .*  ,o  /v  ;  A^^s^  .  /  ♦  ,  -  ^''^  A>  .  "  ":jc  ccera::ir  ?  ^*i 
^x  *  vs\l      x,x\x.'  Ov    '   "^  .     >  ,  >   V  \v.:>  v.v::  ^-'^  :*^^  r^ir:*  of  p 
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Description  of  the  Leander  McCormic^  Observatory  of  the 
University  of  Virginia.  By  Prof.  Ormond  Stone,  Direc- 
tor of  the  McCormiek  Observatory,  Universitj''  of  Virginia. 

[ABSTRACT.] 

The  main  building  (Wilson  Bros.  &  Co.,  of  Philadelphia,  archi- 
tects), consists  of  a  circular  position  of  brick  surmounted  by  a 
hemispherical  dome  of  45  ft.  diameter,  fronted  by  a  rectangular 
portion  20  ft.  X  30  ft.  used  as  a  computing  house.  The  dome 
was  built  by  Warner  &  Swasey,  of  Cleveland,  Ohio.  The  running 
gear  differs  from  that  of  Grubb,  mainly  in  having  the  systems  of 
triple  wheels  connected  together  simply  by  a  light  rod,  and  each 
system  guided  by  a  horizontal  wheel  before  and  behind,  running 
between  the  turned  vertical  edges  of  the  tracks  of  the  wall  plate. 
The  frame  of  the  dome  is  of  steel,  covered  with  galvanized  iron 
and  lined  with  painted  canvas.  There  are  three  openings.  No.  1 
extends  from  the  horizon  to  40°  altitude.  No.  2  from  SO**  to  67**. 
No.  3  from  58**  to  95°.  Centre  of  No.  2  is  opposite  closure  between 
Nos.  1  and  3.  This  system  gives  stability  to  the  dome  and  gives 
opportunity  for  improved  ventilation.  The  shutters  are  each 
double,  the  halves  of  each  sliding  by  an  ingenious  parallel  motion 
on  horizontal  tracks. 


On  the  fundamental  formula  of  statistical  mechanics,  with 
applications  to  astronomy  and  thermodynamics.  By  Prof. 
J.  WiLLARD  GiBBs  of  Yale  College,  New  Haven,  Conn. 

[AB8TRACT.1 

Suppose  that  we  have  a  great  number  of  systems  which  consist 
of  material  points  and  are  identical  in  character,  but  different  in 
configuration  and  velocities,  and  in  which  the  forces  are  de- 
termined by  the  configuration  alone.     Let  the  number  of  systems 
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in  which  the  coordinates  and  velocities  lie  severally  between  the 
following  limitSi  viz.,  between 

Xi  and  Xi  -}-  dxi^ 

Zi  and  Zi  -f"  dzi^ 
X2  and  X2  -{'  dx^j 

etc., 

... 
Xi  and  Xi  +  dxi^ 

yi  and  t^  +  dyi, 

... 

Zi  and  Zi  +  ^^u 
•  «  . 

X2  and  2B2  -f-  dXi, 

etc., 

be  denoted  by 

•      •     •      • 
L  dxi  dyi  dzi  dx^  etc.  dxi  dtfi  dzi  dx^  etc. 

The  manner  in  which  the  quantity  L  varies  with  the  time  is  given 

by  the  equation 

•   •   •   • 

where  ^  a^,  y^  2^,  Xj,  etc.,  a;i,yi,  %i  ^1  ^^m  ^^^  ^^^  independent 
variables,  and  the  summation  relates  to  all  the  coordinates. 

The  object  of  the  paper  is  to  establish  this  proposition  (which 
is  not  claimed  as  new,  but  which  has  hardly  received  the  recogni- 
tion which  it  deserves)  and  to  show  its  applications  to  astronomy 
and  thermodj'namics. 


Linear  functions  of   points,  lines  and  planes.     By  Prof.  E. 
W.  Htde,  Cincinnati,  Ohio. 

[abstract.] 

It  is  shown  in  this  paper  that,  if  p,  L  and  P  represent  respec- 
tively a  variable  point,  line  and  plane,  and  if  ^  be  the  symbol  of  a 
linear  Ainction ;  then  fp,  f  L,  ^P",  have  geometrical  applications 
and  uses,  whose  relation  to  trilinear,  quadriplanar  and  tangential 
coordinates  is  analogous  to  that  between  Hamilton's  geometrical 
development  of  f/>  and  ordinary  Cartesian  coordinates,  the 
elegance  and  conciseness  of  the  processes  being  as  great  in  the 
one  case  as  in  the  other. 
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Colors  of  the  stars.      By  Prof.  E.  C.  Pickering,  Director  of 
Harvard  College  Observatory,  Cambridge,  Mass. 

[ABSTBACT.] 

Observations  of  the  colors  of  about  four  hundred  of  the 
brightest  stars  are  now  being  made  at  the  Harvard  College  Obser- 
vatoiy.  The  light  is  analyzed  by  a  direct  vision  prism,  and  the 
intensity  of  rays  of  various  wave-lengths  is  measured  by  a  wedge 
of  shade  glass. 


On  the  colors  of  variable  stars.  By  S.  C.  Chandler,  Jr.,  Har- 
vard College  Observatory,  Cambridge,  Mass. 

[ABSTRACT.] 

In  this  paper  the  author  gives  the  results  of  an  extensive  series 
of  observations  upon  the  colors  of  telescopic  variable  stars,  made 
by  him  with  the  6^  inch  Clacey  equatorial  at  the  Harvard  College 
Observatory  in  1883  and  1884,  and  also  the  inferences  drawnfrom 
a  discussion  of  them. 

The  observations  are  of  two  kinds :  First,  estimates  by  the  dec- 
imal scale  method  practised  by  Schmidt  and  others ;  second,  by  a 
new  method  of  the  author's,  by  which  the  redness  of  a  star's  light 
is  measured  by  the  relative  diminution  of  its  brilliancy  compared 
with  that  of  a  colorless  star,  as  seen  through  colored  glass  shades. 

The  discussion  shows  that  the  relation  pointed  out  by  the  author 
several  years  ago,  —  and  independently  by  Schmidt,  —  between 
the  depth  of  color  tint  and  the  length  of  the  periods  of  variable 
stars  is  strikingly  confirmed  by  both  series  of  observations  here 
given  and  he  regards  the  existence  of  this  relation  as  thus  demon- 
strated. This  result  may  be  considered  as  of  the  utmost  impor- 
tance in  its  bearing  on  the  theory  of  the  causes  of  stellar  varia- 
bility. 
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dulity  as  to  its  possibility.  When,  however,  I  find  that  in  our 
small  western  college,  graduating  less  than  a  dozen  annually,  we 
have  now  had  for  years  volunteer  classes  pursuing  all  these  and 
other  subjects  annually  with  success,  I  do  not  share  in  any  incre- 
dulity as  to  its  practicability  or  profitableness. 

In  conclusion,  I  wish  to  call  for  reform  in  our  mathematical  teach- 
ing. I  call  for  deliverance  from  the  imprisonment  it  has  suffered, 
for  removal  of  the  bands  with  which  it  has  been  bound.  I  call 
for  the  introduction  of  a  spirit  of  free  inquiry.  Let  not  all  mathe- 
matical teaching  be  run  in  one  narrow  mould.  Let  it  not  be  so 
conducted  that  he  who  has  neither  taste  for  the  study  nor  special 
knowledge  of  it,  stands  on  an  equal  footing  as  a  teacher  with 
the  man  of  real  mathematical  insight.  Mathematics  has  been 
termed  the  science  of  necessary  conclusions.  It  furnishes  the  in- 
dispensable groundwork  for  the  study  of  exact  science.  It  fills  a 
wide  field  in  the  intellectual  needs  of  any  people  of  strong  intel- 
lectual powers.  It  awakens  the  interest  and  stimulates  the  open 
iug  mind  as  do  few  studies.  One  study  of  genuine  interest,  ore 
worth}^  and  absorbing  pursuit  is  sufi3cient  to  drive  away  lethargy 
and  stamp  a  manly,  vigorous  character  upon  a  young  man.  We 
cannot  afford  tp  let  this  blade  of  Damascus  rust  in  its  scabbard. 
Kow  is  a  favorable  time  for  revising  our  estimates  of  what  can  and 
ought  to  be  done  in  this  field.  Higher  mathematical  culture  has 
commenced  a  new  and  fruitful  growth  in  this  country  in  various 
places,  but  nowhere  with  more  promise  than  at  the  Johns  Hopkins 
University,  at  Baltimore,  that  wonderful  new  star  in  the  galaxy  of 
American  Universities.  To  lofty  ideals  must  be  joined  sound  learn- 
ing, great  patience,  and  an  ambition  never  to  rest  until  we  occupy 
the  foremost  place  in  intellectual  achievement.  Many  of  our 
younger  mathematicians  have  won  golden  opinions  for  their  abili- 
ties and  zeal  in  foreign  universities.  I  think  we  ought  to  form  an 
association  of  the  mathematicians  of  this  country  for  the  purpose 
of  concerted  action  in  improving  the  mathematical  training  in  our 
colleges,  in  which  the  fire  and  enthusiasm  of  this  young  blood 
should  be  called  upon  to  help  on  the  cause.  No  learned  body 
among  us  has  a  more  vital  interest  in  this  question  than  the  one 
I  now  have  the  honor  of  addressing.  I  therefore  need  make  no 
apology  for  attempting,  as  I  have  done,  to  fix  your  attention  upon 
those  phases  of  it  which  have  been  suggested  to  me  by  my  expe- 
rience. 
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Phenomena  observed  upon  the  solar  surface  prom  1881  to 
1884.  By  Rev.  S.  J.  Perry,  Stonyhurst  College  Observ- 
atory, Whalley,  England. 

[abstract.] 

The  principal  sabject  contained  in  this  communication  was  the 
classification  of  the  faint  evanescent  markings  that  are  always 
visible  on  the  sun.  The  only  observer  who  had  previously  made 
any  serious  study  of  these  objects  was  E.  L.  Trouvelot  whose  re- 
searches at  the  Harvard  College  Observatory  in  1875  were  known 
to  the  author  only  through  the  few  lines  on  the  subject  in  Prof. 
Young's  work  on  the  sun.  Trouvelot  classed  them  all  as  "  veiled 
solar  spots,"  but  the  author  of  this  paper  has  thought  it  more  ad- 
visable to  divide  them  into  three  classes. 

Class  1.  Ill-defined  patches  of  a  cold  grayish  tint,  which,  indi- 
vidually, never  last  for  more  than  three  minutes.  They  are  scat- 
tered over  the  whole  of  the  surface,  and  appear  suddenly  as 
irregular  patches.  The  sudden  appearance  of  many  of  these  faint 
objects  in  the  same  locality  and  their  rapid  development,  frequently 
give  rise  to  a  blurred  appearance  which  has  been  so  marked  a 
feature  in  Dr.  Janssen's  magnificent  solar  photographs. 

Class  2.  Other  faint  spots  appear  at  first  as  small,  dark  and 
fairly  defined  dots,  and  after  retaining  this  appearance  for  about 
two  minutes,  suddenly  spread  out  and  cannot,  at  this  stage  of  their 
short  existence,  be  distinguished  from  spots  of  the  first  class. 
These  are  also  found  in  ever}'  heliographic  latitude  and  at  all  times, 
and  never  last  more  than  a  few  minutes. 

Class  3.  This  last  class  of  ill -defined  spots  approaches  much 
nearer  to  the  ordinary  spots  than  those  already  mentioned.  They 
have  never  been  seen  outside  the  spot  zones  and  are  generally  in 
the  immediate  vicinity  of  spot  groups,  but  they  remain  indistinct 
throughout  their  whole  period  of  visibility.    They  last  sometimes 
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might  be  made  perpendicular  to  the  axis  of  rotation  and  at  a  dis- 
tance of  about  five  feet  from  the  centre  of  the  axis.  The  stops  are 
heavy  plates  of  iron  with  projecting  oval  surfaces  of  tempered 
steel  which  move  along  this  table,  and  which  are  held  in  position 
by  heavy  clamping  screws.  They  are  arranged  for  a  movement  of 
the  telescope  over  arcs  varying  between  0°  and  30°.  With  the  aid 
of  the  graduated  circle  of  the  telescope  it  is  found  easy  to  set  the 
stops  quickly  and  accurately  by  tapping  the  stop-plates  with  a  light 
hammer.  It  was  found  that  a  bichromate  battery  of  six  cells  was 
sufficient  to  clamp  the  magnet-arm  securel}'  to  the  ring. 

It  will  be  at  once  understood  that  unless  the  ring  upon  which 
the  magnet-arm  rests  is  truly  circular,  the  arm  will  rise  and  fall 
with  the  revolution  of  the  telescope,  thus  giving  rise  to  periodic 
errors  proportional  in  amount  to  the  deviation  of  the  periphery  of 
the  ring  from  a  true  circle.  The  test  of  this  circular  form  was  made 
by  means  of  a  microscope  attached  to  the  iron  bed-plate  with  which 
the  movement  of  the  arm  vertically  was  observed  and  measured,  a 
graduated  polished  metal  plate  being  clamped  to  the  arm  for  this 
examination.  It  was  found  that  during  one-half  of  the  revolution 
of  the  telescope  very  little  motion  of  the  arm  could  be  detected, 
but  that  during  the  remaining  half  the  maximum  rise  of  the  arm 
amounted  to  about  ^j  mm.  As  was  to  be  expected  the  chief  part 
of  the  disturbance  occurred  at  those  points  at  which  the  magnets 
passed  the  junction  of  the  two  halves  of  the  ring. 

It  does  not  seem  advisable  to  encumber  this  paper  with  the  de- 
tails of  the  observations  which  were  made  with  the  ring  in  its 
original  form.  An  attempt  was  made  to  compare  the  30°  di- 
visions of  the  graduated  circle  by  a  reference  to  the  fixed  distance 
between  the  stops,  four  microscopes  being  read  for  each  contact, 
with  the  expectation  that  the  efifect  of  the  error  in  the  form  of  the 
ring  could  be  measured  by  means  of  a  microscope  of  high  power 
which  should  measure  directly  the  accumulated  error  of  the  arc  of 
revolution  at  the  contact  points  for  each  arc  of  30°.  It  will  be  seen 
that  this  expectation  was  not  realized  for  the  summed  series  of  er- 
rors of  the  30°  points  of  the  circle. 

From  seven  sets  of  observations  extending  from  July  3  to  July 
15,  the  following  relative  errors  were  found,  the  polar  point  being 
taken  for  the  origin. 
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The  following  are  the  accumulated  errors  at  contact  points  from 
measures  with  microscope : 
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It  will  be  seen  that  the  general  form  of  the  two  summed  series 
is  the  same,  but  they  widely  differ  in  the  maximum  value.  It  be- 
came at  once  obvious  from  this  preliminary  investigation  that  it 
would  be  necessary  to  grind  the  circle,  upon  which  the  magnet 
arm  rests,  to  an  exactly  circular  form.  This  was  very  successfully 
accomplished  by  Mr.  Clark  in  the  following  way  :  A  slide  rest 
carrying  an  emery  wheel  was  firmly  mounted  nearly  opposite  the 
axis  of  the  instrument.  The  motion  to  the  emery  wheel  was 
given  by  means  of  an  old-fashioned  spinning  wheel.  The  operation 
of  grinding  was  conducted  as  follows : 

One  assistant  turned  the  spinning-wheel,  Mr.  Clark  managed 
the  slide  rest,  which  governed  the  movement  of  the  emery  wheel, 
while  I,  at  one  end,  with  the  aid  of  an  assistant  stationed  at  the 
other  end,  gave  to  the  telescope  a  nearly  uniform  motion  in  revo- 
lution. When  the  operation  of  grinding  was  completed,  it  was  found 
that  a  complete  revolution  of  the  telescope  could  be  made  without 
the  slightest  trace  of  disturbance  in  the  position  of  the  magnet-arm 
under  a  microscope  having  twelve  times  the  magnifying  power  of  mi- 
croscopes attached  to  the  telescope. 

Before  proceeding  to  describe  the  new  series  of  observations,  it 
will  be  necessary  to  refer  to  the  means  employed  to  neutralize  the 
momentum  of  the  telescope  produced  by  the  shock  of  contact  with 
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the  8tx>ps.  It  was  found  that,  on  account  of  the  disturbance  pro- 
duced bj'  contact  made  by  a  hand  movement  of  the  arm,  there  was 
a  liability  to  a  maximum  error  of  about  3".  This  amount  was  sen- 
sibly reduced  by  inserting  a  piece  of  writing  paper  between  the  arm 
and  the  stop,  and  then  completing  the  movement  by  withdrawing 
the  paper.  The  next  experiment  was  with  an  air-buffer  attached 
to  the  8to|)-plates,  with  which  the  initial  contact  was  made ;  but  it 
was  found  that  the  movement  against  the  air-spring  for  the  re- 
maining distance  to  the  stop  was  not  sufficiently  uniform,  although 
there  was  a  decided  improvement  over  results  previously  obtained. 
A  water-buffer  was  then  employed  ;  the  water  from  a  cylinder  at- 
tached to  the  stop-plates  being  forced  by  a  weight-pressure 
through  a  cylinder  of  small  diameter.  With  this  buffer  as  a  mo- 
mentum arrester,  it  appears  from  a  long  series  of  observations  for 
contact,  that  the  probable  error  of  a  single  contact  is  about  0*03'' 
or  about  one-tenth  of  the  ordinaiy  value  for  a  single  observation 
with  four  microscopes. 

Eight  sets  of  comparisons  of  the  30°  divisions  of  the  circle  have 
already  been  made  with  the  improved  apparatus,  with  the  follow- 
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Taking  the  means  of  the  separate  determinations  of  the  30'' 
spaces  we  have : 
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It  is  the  intention  to  continue  the  examination  of  the  subdivi- 
sions of  the  circle  throughout  the  coming  year.  The  subdivision 
of  the  30^  spaces  will  be  made  by  setting  the  stops  for  that  num- 
ber of  subdivisions,  which  can  be  safely  made  at  one  time  without 
danger  of  the  intimluction  of  errors  depending  on  the  temperature. 
With  two  assistants,  one  to  read  the  4  microscopes,  and  one  to 
record,  the  examination  of  the  30°  divisions  can  be  completed  in 
about  oae  hour  and  twenty  minules. 

If  it  shall  be  conclusively  shown  from  an  investigation  of  the 
preseut  graduations  of  the  circle  that  this  method  will  give  greater 
accuracy  than  former  methods  of  investigation,  it  is  the  purpose 
to  produce  a  new  set  of  graduations  just  inside  of  the  original 
graduations. 

In  conclusion  it  may  be  said  that  an  excellent  test  of  the  method 
will  be  had  when  the  telescope  is  reversed  and  the  errors  of  the 
other  circle  are  determined.  The  errors  of  this  circle  have  already 
been  defermined  for  each  single  degree  by  comparison  with  a  grad- 
uated metal  arc  of  Id*'  with  which  each  15°  of  the  circle  was  com- 
pared. In  the  complete  discussion  which  will  follow,  care  will  be 
taken  to  eliminate  any  systematic  errors  which  may  appertain  to 
the  form  of  the  ring. 


Thb  average  asteboid  orbft  and  the  asteroid  ring.  By 
Prof.  M.  W.  Harrington,  University  of  Michigan,  Ann 
Arbor,  Mich. 

[ABSTRACT.] 

This  paper  treats  tbe  asteroid  system  on  the  principles  of  aver- 
ages ;  230  orbits  are  employed.  If  a  plane  be  conceived  perpen- 
dicular to  the  ecliptic  and  passing  through  the  vernal  and  autumnal 
equinox,  and  another  through  the  solstices,  they  will  intersect  each 
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orbit  at  four  points.  The  mean  intersection  at  each  solstice  and 
equinox  ma}'  be  considered  a  point  in  the  average  orbit.  Solving 
for  the  orbit  we  get  the  following  elements : 

7c  U°  89' 

Q  113**  56' 

i  V    0' 

e  0.0448 

a  2.701 

The  perihelion  and  nodes  fall  near  those  of  Jupiter,  a  require- 
ment which  was  otherwise  deduced  by  Professor  Newcomb  more 
than  twenty  years  ago.  Incidentally  the  investigation  showed 
(by  the  progressive  slowing  of  the  change  in  the  average  mean 
distance)  that  we  have  penetrated  about  through  the  asteroid  ring. 
The  space  occupied  by  the  asteroid  is  annular  and  the  section 
of  the  ring  (by  a  radial  plane)  is  elliptical,  with  the  long  axis  di- 
rected toward  the  sun.  The  axes  are  about  2  and  1.5  in  terms  of 
the  earth's  mean  distance  from  the  sun.  The  part  of  this  space 
actually  occupied  by  the  asteroids  at  any  one  time  is  approximately 

represented  by  the  fraction  g^Aoir-    No  grouping  was  recognized 

among  the  orbits. 

If  the  asteroids  all  reflect  light  alike,  Vesta  has  a  volume  of 
about  five-twelfths  of  all,  and  the  first  four  (Juno,  Ceres,  Pallas 
and  Vesta)  make  nearly  two-thirds  of  the  total  volume.  The 
albedo  of  Vesta  is  probably  about  that  of  the  moon.  If,  as  this 
indicates,  the  density  of  the  asteroids  is  about  that  of  the  moon, 
their  total  mass  will  be  only  one  twenty-seventh  that  of  our  sat- 
ellite. 


MiCROMETRIC    OBSERVATIONS   OF  JuPITER'S  THIRD    SATELLITE.      By 

Prof.  David  P.  Todd,  Director  of  Lawrence  Observatoiy, 
Amherst,  Mass. 

[AB8TBACT.] 

The  observations  were  made  with  the  micrometer  of  the  12-inch 
equatorial  of  the  Lick  Observatory,  Mount  Hamilton,  Cal.  The 
value  of  one  revolution  of  the  screw  of  this  micrometer  is  14".086. 

1882,  December  1,  13h.,  m.  t. 

Power  300, 111=  2".55. 
Power  1,000,  III  =  2".32. 
Distance  of  Jupiter  from  £arth  =  [0.6l9d]. 
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On  the  course  of  the  corrections  to  the  heliocentric  lon- 
gitudes OP  Newcomb's  tables  op  Uranus  and  Neptune. 
By  Prof.  David  P.  Todd,  Director  of  Lawrence  Observatory, 
Amherst,  Mass. 

[abstract.] 
The  latest  observations  of  Neptune  employed  by  Professor 
Neweomb  in  the  construction  of  his  tables  of  the  motion  of  that 
planet  were  made  in  December  of  1864 ;  and  in  his  tables  of 
Uranus,  the  latest  observations  utilized  were  made  in  September 
of  1872. 

All  the  observations  of  right  ascension  of  these  two  planets 
made  since  these  dates,  respectively,  are  in  this  paper  collated 
and  compared  with  the  tables,  and  the  equations  of  the  errors  so 
treated  as  to  show  the  course  of  the  corrections  to  the  heliocentric 
longitudes  (Neweomb)  of  botli  planets. 

Also,  these  data  combined  with  the  results  reached  in  Copernicus^ 
Vol.  Ill,  pp.  235  and  238,  give  the  corresponding  corrections  to 
the  heliocentric  longitudes  (Leverrier)  of  both  planets. 


On  the  general  values  op  the  obliquity  op  the  ecliptic,  and 
op  the  precession  and  inclination  of  the  equator  to  the 
invariable  plane,  taking  into  account  terms  op  the  second 
ORDER.  '  By  Prof.  J.  G.  Adams,  Cambridge  Observatoiy, 
England. 

(ABSTRACT.] 

If  we  adopt  the  values  of  the  precession  and  nutation  employed 
by  Peters  in  his  classical  work,  ^^  Numerus  constans  Nutationis,'* 
I  find  that  the  ratio  of  the  sum  of  the  masses  of  the  earth  and  moon 
to  the  mass  of  the  moon  is  that  of  82.834  to  1,  a  result  which  differs 
slightly  from  that  found  by  Peters  from  the  same  data. 

The  amount  of  precession  caused  by  the  sun's  action  depends  in 
a  slight  degree  on  the  eccentricity  of  the  earth's  orbit.  In  order 
to  find  the  precession  for  an  indefinite  period,  it  will  be  proper  to 
employ  the  mean  value  of  the  square  of  this  eccentricity  instead  of 
the  value  of  this  quantity  at  the  present  time. 

Taking  this  circumstance  into  account  and  also  introducing  the 
small  correction  of  the  coefficient  of  precession  which  depends  on 
the  square  of  the  coefficient  of  nutation,  I  find  that  if  oi  be  the 
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The  perihelion  and  nodes  fall  near  l' 
Jnt  .U  was  otherwise  de^u^e^^^^^^^ 
than  twenty  years  ago.     lHC.de.       . 
(by  the  progressive  slowing  of  tue 
distance)  that  we  have  penetrated  a 
The  space  occupied  by  the  aste.o 

of  the  ring  (by  a  radial  P^-^)  ^ /^ 
rected  toward  the  sun.    The  axe 
the  earth's  mean  distance  from  tu 
actually  occupied  by  the  asteroul.  a 
represented  by  the  fraction  ^ro'=- 

among  the  orbits. 

If  the  asteroids  all  reflect  I. -^ 
about  five-twelfths  of  all,  and  l. 
and  Vesta)     make  nearly  two- 
albedo  of  Vesta  is  probably  ab.- 
indicates,  the  density  of  the  u 
their  total  mass  will  be  only 
ellite. 


.^V.ar  pre- 
■M<«Bted  by 


J' 


^rar,  the  invariable 
if  i  i^^' 

•^tftf  ft 


-t  '.hat  time. 
•■■"•^  ,  ,  and  e- the  incli- 

...>'"'"...K- fixed  plane, 


the  fixed  pVane. 


,my» 


^** 


MlCBOMEXRlC    OBSERVATION 

Prof.    David  P.  Todi" 
^mliierst,  Mass. 

The  ol>servations  wero 
equatorial  of  the  Lick  t> 
value  or    oxie  revolution  • 

1882, 
!■. 

Po 

Distance  o 


. -^^  iTbe  considered  as  a 
.>j;^E::ich  we  propose  V> 


sia 


<^9ia 


^cos 


known 


(f  -  ^') 
(f  -  *') 


'-* ' '  r/are  kno*^'       «uh  reference  to 
'"t^^f'^^"tuobrfi.ed,itiB 

sin  «  COB  ^ 


MATICS   AMD   ASTRONOMY.  69 

.l)()vc  for  COS  01,  sin  10  cos  X  and  sin  ta  sin  k 

0  -|-  sin  0  tan  0^  cos  (f  —  jp')]  [sin  6 —  cos  0 

tan  0'  cos  (^  —  ^')] 

'^  -|-  sin  ^  tan  0'  cos  (f  —  ^ ')]  tan  0'  sin  (^ — ip') 

:  iMitial  equations  for  determining  0  and  ^,  ^'  and 
10  be  already  known  in  terms  of  ^ 
•  \vc  may  deduce  the  following : 

)   =  §  (sin  0  cos  ^)  +  I;  (sin  0  sin  <p). 

ion  of  these  equations  may  be  readily  effected  by 
indeterminate  coefficients. 
■  '  values  of  p  and  q  to  be 

vi\s  the  successive  integral  values  0,  1,  2,  etc.,  equal  in 
>  the  number  of  planets  considered,  and  the  quantities 
.r.  are  known  constants. 

we  may  find  that 
i-  X  tan  hSa,  (a,  —  1)  y^  +  Jcot/i  I  (a.  —  J)  y^ 

+  Ia^  y.cos  j  (A;  —  gr^)  i  +  a  —  /9.| 

+  J  a^  (r^)  2  cos  2  j  ( A:  —  ^,)  «  +  a  —  y9 .  j 

+  ^  ^ijTiTj  (^08  \{2  k  —  g^  —  Qj)  t  +  {2  a  —  p^  —  P,)\ 

+  ^  ^'ij  U  rj  cos  i  (^<  —  9j)^  +  l^i  —  l^j  I 

=  ^-«  +  «  +  ^  &<  r,  sin  j  (k  —  g^)  t+a  —  P^\ 

+  ^^(r,)^8in2  j(Zf-^,)i+a-y9.j 

+  2:b^y^yj8in  ^(2  k  -  g^- g.)  t  +  {2  a  -  p^- fi.)\ 

+  -^&'<;r,rj8in  j(^^_grp<  +  i9,  — /9^j 

in  which  i  and  j  are  supposed  to  be  different  integers. 
Also 

^i  ~  T^i  and  therefore  a^  —  1  =  -j^~ 
(^ii  =  —  i  ^<  (^1^  —  1)  tan  h  —  i  a^  cot  U 

«^  =  -i 2-*^,-^  W  + «/- 2)  ^^" ^*  +  K  +  «i)  co^  H 

««    =  i  ;r-^    W—  2  a,  —  a.a  +  2a,\  tan  7i  +  i    -i-- 
[a  —  a.]  cot  h 
Also 
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obliquity  of  the  ecliptic  at  any  time,  the  rate  of  the  luni-solar  pre- 
cession at  that  time  during  a  Julian  year,  will  be  represented  by 

c  cos  w 
where  c  =  54.''94625  nearly. 
Now  let  ON'N  be  the  fixed  plane  of  reference  which  may  be 


either  the  ecliptic  at  a  given  epoch  or,  still  better,  the  invariable 
plane  of  the  system,  or  any  other  arbitrary  fixed  plane. 

N'E  the  position  of  the  ecliptic  >  ^^  ^^^  ^j^^^  ^ 
and  NE  that  of  the  equator  ) 

so  that  the  point  E  is  the  autumnal  equinox  at  that  time. 

0N=  sp,  ON'  =  ^',  0  being  a  fixed  point,  0  and  6'  the  incli- 
nation of  the  equator  and  ecliptic  respectively  to  the  fixed  plane, 
and  a»  the  angle  N'EN^  or  the  obliquity  of  the  ecliptic  at  time  t. 

Also  let  NE  =  X. 
Then  the  quantities 

p  =  tan  0'  sin  <p'  and  q  =  tan  6'  cos  ^' 

are  known  in  terms  of  t  from  the  theory  of  the  secular  variations 

of  the  plane  of  the  earth's  orbit,  and  0'  may  be  considered  as  a 

small  quantity  of  the  1st  order,  the  square  of  which  we  propose  to 

take  into  account. 

In  the  triangle  N'EN  we  have 

cos  w  =  cos  0  cos  6'  -f-  sin  6  sin  0*  cos  (^  —  <p') 

sin  <o  cos  k  =  sin  0  cos  ^  —  cos  0  sin  0'  cos  {f  —  ^') 

sin  to  sin  k  =  sin  0*  sin  {<p  —  fp') 

which  give  to  and  k  when  0  and  tp  are  known. 

From  the  instantaneous  motion  of  the  equator  with  reference  to 

the  ecliptic  at  time  f,  supposed  for  an  instant  to  be  fixed,  it  is 

easily  seen  that  we  have 

-jj  =  —  c  --^^  COS  to  sin  to  cos  k 

■^  =z  G  cos  to  sin  (o  sin  k 
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or,  substituting  from  above  for  cos  of,  sin  w  cos  X  and  sin  co  sin  A 

5I  =  —  c^^  [cos  ^  +  sin  ^  tan  ^ cos  i<p  —  ?>')]  [sin  6^  cos  d 

tan  0'  cos  (^p  —  ^')] 

jj-  =  c  cos®  ^'  [cos  (?  -f"  sin  ^  tan  ^'  cos  {<p — <p')']  tan  ^'  sin  {<p — <p') 

lYhich  are  the  differential  equations  for  determining  d  and  ^,  0'  and 
^'  being  supposed  to  be  already  known  in  terms  of  U 
From  the  above  we  may  deduce  the  following : 

The  integration  of  these  equations  may  be  readily  effected  by 
the  method  of  indeterminate  coefficients. 
Suppose  the  values  of  p  and  q  to  be 

vrhere  i  takes  the  successive  integral  values  0,  1,  2,  etc.,  equal  in 
number  to  the  number  of  planets  considered,  and  the  quantities 
y  ,  g^  and  ^^  are  known  constants. 

Then  we  may  find  that 
^  =  7i  +  i  tan  hSa^  {a^  —  1)  y^  +  Jcot/^  S  (a^  —  J)  r^ 

+  J  a^.  (r^)2  cos  2  ^[k  —  g^)t  +  a  —  p,\ 

+  ^  a,j  r,  rj  CO s  j  ( 2  ^  —  gr^  —  fir.)  «  +  ( 2  «  —  y5,  —  /5p  j 

and 

^  =  Ari  +  a  +  J  6^  ^'^  sin  j  (^  —  ^^)  «  +«  —  /^^  j 

+  2:  6^  r<rj  sin  j(2  Aj-gr^-gr,.)  «+ (2  a-/9^-/9.)i 
.+  ^  ^%  U  Tj  sin  j  (g,  —  g^)  t  + 1^^  — IS^\ 
in  which  i  and  j  are  supposed  to  be  different  integers. 
Also 

^i  =  T^i  and  therefore  a^  —  1  =  -Y~r~ 

a^^  =  —  J  a^  (a^2  —  1)  tan  /i  —  J  a^®  cot  7i 

«*,  =  -  i  gifc-^,-,^^  I  (V  +  «/  -  2)  tan  h  +  (a;  +  a^  cot  h  j 

««    =  i  TT^    \^i^—  2   a,  — a2  +  2a,|  tan  7i  +  1    — V- 
[a  —  a.]  cot  h 
Also 
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5.  =  —  a^  (a.J  —  1)  tan  h  —  a^  cot  7i 

h  =  -  2T3^  «v  tan  h-i  ,^_^.,^^   La{a,  -  1) 
+  a^(a^.-- l])tan3A 

4.        ^ [a.-  +  a  J  cot2  A 

&'   = ^—  ai    tan  /t  +  i  „  ^'       [a,  (a,  —  1) 

+  a,(a,-l)]tan2& 

- i  -^  t«'<  -f-  "'i  +  «*«,-  5«,  -  5«,  +  6] 
or  the  value  of  this  last  coefficient  may  be  otherwise  expressed  thus 

+  [K- 1)  +  («i  - 1)3  CK- 1)  +  («i - 1)  - 1] { 

Also  the  value  of  w  the  obliquity  of  the  ecliptic  is  thus  expressed 
in  terms  of  the  same  quantities 

I\—\  a+,  (a^  _  1)2  tan  /i  —  i  (a^  —  1)2  cot  /i]  Xi  cos  2 

+  ^l-i.T4^-t^^'*  a^+,-2]tan7i 
-^2irr^[«i  a+^]cot7. 

[i  «+<  («i  -  1)   +i  «i  («i  -  1)]  tan  ^ 
+  [ia<  +  ia^  — i]cbt7i| 

+r<  r^  cos  j  (2fc  —  ^,  —  9>)  «  +  2a  —  /5^  —  y5.  { 

-^|^:^[«^-«!^-2a<  +  2a^]tan7i 

+  i  -^^^  [«<-«;]  cot  U  -  [i  a,  (a,  -  I) 
-f-J  «•  («j—  0]  tan  7i—  [i  a^  +  i  o^  —  J]  cot  h 

Also  the  value  of  A:  in  terms  of  the  constant  c  which,  as  stated 
before,  is  known  from  the  theory  of  precession  is 

A;  z=  —  c  cos  7i  j  1  —  r i  (a^  —  l)(3a^  —  5)  r^\ 

h  and  a  are  the  arbitrary  constants  which  enter  into  the  complete 
integrals  of  our  equations,  and  they  are  to  be  determined  so  as  to 
make  the  initial  values  of  0  and  <p^  or  those  of  to  and  f  equal  to 
the  observed  values. 
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It  is  to  be  remarked  that  one  of  the  values  of  gr  is  0  and  if  the 
invariable  plane  of  the  system  be  taken  as  the  fixed  plane  of  ref- 
erence, the  corresponding  value  of  q  will  be  also  zero,  so  that  the 
expression  for  ^,  ^  and  to  will  be  considerably  simplified  by  this 
choice  of  the  fixed  plane. 

According  to  Stockwell's  determination,  in  Vol.  18  of  the  Smith- 
sonian Contributions,  the  longitude  of  the  ascending  node  of  the 
invariable  plane  on  the  ecliptic  of  1850  is  106°  16'  18",  and  the 
inclination  to  the  same  ecliptic  is  1°  35'  18.9" 

Also,  as  already  mentioned,  if  we  make  the  invariable  plane  of 
the  system  our  plane  of  reference,  we  have  for  g^  =  0,  ^o  =  0>  ^^^ 
the  remaining  values  of  g^  and  those  of  log  y^  which  correspond  to 

them,  according  to  Stockwell's  determination,  will  be  the  following : 

f=l     <=2      *  =  3      f=:4     i  =  5      <  =  6      t  =  7 
^<-2."9i61  —25.  "9350  — 6."21365  —6.  "6693  —17.  "6266  — 18.''9365  — 0."66166 

log  Yj  7.20626     7.44481     8.01815    7.84525     7.59939     8.41184     7.12320 

where  the  quantities  g^  are  expressed  in  seconds  and  have  reference 
to  a  Julian  year  as  the  unit  of  time,  and  the  quantities  y^  are  ex- 
pressed in  the  circular  measure. 

Hence  we  may  find,  with  reference  to  the  invariable  plane,  for 

the  epoch  1850 

0  =  23**  3'  42."7 

^  —  ^'  =  257°  20'  21."5 

Now,  in  the  figure  before  given,  the  point  N'  is  the  descending 

node  of  the  invariable  plane  on  the  ecliptic  of  1850,  so  that  the 

longitude  of  iV' is  286°  14'  118" 

Also  the  longitude  of  the  point  E  which  is  the  autumnal  equinox, 

is  180°.     Hence  N'E  =  253°  45'  54" 

Whence  we  may  find  for  1850 

(9=23°  3'  42. "7 

and  <p  —  <p'z=i  257°  20'  21. "5 

or  ^=183°  34'  39. "5 

Also,  according  to   Stockwell,  the  obliquity  of  the  ecliptic  in 

1850  was 

•  a;z=23°  27'  31."0 

Hence  by  repeated  approximations  we  may  find 

h  =  23°  18'  54."0  nearly 

a  =  177°  25'  42"       „ 
also  A;  =  — 50."4614 

whence  by  substitution  all  the  terms  in  0^  ip  and  m  may  be  found 
ttumerically. 
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Note  on  Newton's  theory  of  atmospheric  refraction,  and  on 

HIS   METHOD   OF   FINDING  THE  MOTION   OF  THE  MOON's   APOGEE. 

By  Prof.  J.  C.  Adams,  Cambridge  Observatory,  England. 

[abstract.] 

Professor  Adams  exhibited  photographs  of  some  of  the  MSS.  of 
Newton  preserved  in  the  collection  lately  presented  to  the  Uni- 
versity of  Cambridge  by  the  Earl  of  Portsmouth. 

These  papers  show  that  Newton  had  thoroughly  mastered  the 
theory  of  atmospheric  refraction  and  that  he  was  acquainted  with 
the  true  principles  on  which  the  motion  of  the  moon's  apogee  should 
be  found  and  that  he  had  obtained  a  fair  first  approximation  to 
the  amount  of  that  motion. 


The  nebul-e.     By  Lewis  Swift,  Director  of  the  Warner  Obsei'v- 
atory,  Rochester,  N.  Y. 

For  many  3'ears  it  has  been  the  opinion  of  astronomers  that  the 
search  for  new  nebulae,  since  it  was  abandoned  by  the  Herschels,  has 
been  greatly  neglected.  Eqtertaining  this  view  myself  also,  I,  as 
soon  as  the  16  in.  refractor  of  the  Warner  Observatory  was  mounted, 
put  the  idea  into  practice,  and  since  then,  excepting  the  time  de- 
voted to  comet-seeking,  have  made  their  discovery  and  observation 
my  special  work.  The  success  thus  far  attending  the  eflTort  awak- 
ens the  suspicion  that  the  number  of  undiscovered  nebulae  is  very 
great  and  perhaps  equalling —  it  may  be  surpassing —  those  already 
known.  Only  telescopes  of  the  largest  aperture,  equipped  with 
eye-pieces  especiall}'  adapted  for  the  investigation,  can  work  suc- 
cessfully in  this  interesting  field,  hence  these  bodies  fail  to  arouse 
the  popular  enthusiasm  that  the  double-stars,  the  sun,  the  moon 
etc.,  inspire,  all  of  which  can  be  observed  with  smaller  instruments. 
In  1784,  just  one  hundred  years  ago,  the  entire  number  of  neb- 
ulae known  was  less  than  150.  Their  numbers,  at  various  epochs, 
were  as  follows  ;  in  1612  only  the  great  nebula  in  Andromeda  — 
the  most  conspicuous  naked-eye  nebula  visible  from  our  latitudes 
—  had  been  observed.  Forty-four  years  later,  in  1656,  another 
had  been  added,  viz. :  the  great  nebula  in  Orion,  discovered  by 
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that  true  son  of  genius,  Huygbens.  In  1614,  Halley  published  a 
list  of  four  new  ones,  among  them  being  the  celebrated  cluster 
13  Messier  in  Hercules,  which  increased  the  number  to  six.  As 
late  as  the  3'ear  1732,  but  162  years  ago,  only  sixteen  more  had 
been  added.  In  1755  LacalUe's  discoveries  at  the  Cape  of  Good 
Hope  had  swelled  the  list  to  sixty- four.  In  1784  Messier  published 
a  catalogue  of  one  hundred  and  three  clusters  and  nebulae,  giving 
their  places  with  more  or  less  accuracy.  R  appears,  therefore, 
that,  previous  to  the  advent  of  Sir  William  Herschel,  the  entire 
number  of  both  clusters  and  nebulae  did  not,  as  before  stated,  ex- 
ceed 150.  In  1802,  this  mighty  Nimrod  of  Astronomy  who,  while 
the  world  slept,  hunted  the  sky  over  for  the  discovery  of  these  won- 
derful objects,  had  issued  catalogues  of  2,500  which  he  had  detect- 
ed with  instruments  of  his  own  manufacture,  larger  and  more 
powerful  than  any  previously  made  or  considered  as  possible. 
Since  that  time  the  united  labors  of  Sir  John  Herschel,  Dunlop, 
Lord  Rosse,  D'Arrest,  Lassell,  Tempel,  Stephan  and  others  have 
brought  up  to  our  knowledge,  as  visible  from  all  latitudes  —  in- 
cluding the  150  which  I  have  had  the  good  fortune  to  find  from  the 
Warner  Observatory  —  about  6,700  nebulae. 

The  assigned  limits  of  this  paper  forbid  entering  largely  into  the 
many  questions  which  suggest  themselves  regarding  the  origin  and 
design  of  these  immense  masses  of  matter  strewn  with  such  lavish 
abundance  in  some  regions,  and  so  sparsely  scattered  in  others. 

The  efforts  of  astronomers  to  solve  this  mysteiy,  as  well  as  those 
of  distance  from  our  system,  their  proper  motion  and  their  varia- 
tion in  size,  shape  and  brightness,  have  thus  far  proved  futile, 
and  have  ended  only  in  vague  and  contradictory  conjectures.  For 
obvious  reasons  this  is,  and  for  ages  to  come  must  be,  true.  These 
masses,  some  of  them  as  shapeless  as  the  nimbus  clouds,  and  as 
indeterminate  as  wreaths  of  smoke,  have  no  points  of  reference, 
from  which  to  measure,  as  have  the  stars  and  the  comets  with  nu- 
clei, nor  sharp  outlines  of  limb  as  have  the  sun,  moon  and  the 
planets. 

For  one  and  a  half  years  past  I  have  been  engaged  in  nebulse 
work  and  I  find  the  task  of  getting  positions  to  the  desired  de- 
gree of  exactness  a  difiScult  one  indeed.  The  plan  adopted  I 
am  not  sure  is  the  best ;  in  fact  I  feel  quite  certain  that  with  more 
experience  I  shall  be  able  to  improve  my  methods,  though  it  must 
be  conceded  that  the  difficulties  which  beset  me  are  well  nigh  in- 


74  '  SECTION  A. 

surmountable.  In  the  first  place,  nearly  all  the  nebalfle  which  hare 
escaped  the  eagle-eyed  astronomers  who  have  preceded  me  in  this 
field  must  be  excessively  faint.  In  truth  I  find  the  large  majority 
of  them  the  faintest  objects  on  which  human  vision  has  ever  rested. 
If,  after  discovery,  I  turn  my  eye  away  from  the  telescope  without 
having  noted  its  configuration  with  stars  in  the  field,  I  sometimes 
experience  difficulty  in  re-finding  them  although  the  pupil  of  the 
eye  is  still  expanded.  I  work  in  a  room  absolutely  dark  except 
when  reading  the  circles  and  making  my  records.  After  extin- 
guishing the  gas  I  am  nebula-blind  for  two  or  three  minutes  involv- 
ing a  considerable  loss  of  precious  time,  as,  during  the  whole  year, 
there  are  but  few  nights  suitable  for  this  delicate  work.  The  eye- 
piece generally  used  is  a  positive  periscopic  by  Gundlach  origin- 
ally made  for  my  4^inch  comet-seeker  at  the  optical  establishment 
of  Bausch  &  Lomb,  Rochester,  N.  Y.  Finding  it  superior  to  any 
other  when  used  on  the  16  in.  refractor,  I  had  made  for  it  an 
adapter,  thereby  causing  it  to  do  duty  on  both  telescopes,  it  giv- 
ing on  the  great  one  a  power  of  132,  and  a  diameter  of  field  of  26 
minutes  of  arc.  As  no  direct  rays  fix>m  the  objective  impinge  on 
the  field-lens,  as  is  the  case  with  a  negative  eye-piece,  the  field  is 
dark  and  the  faintest  nebulae  are  rendered  visible.  (In  my  opinion 
no  negative  eye-piece  yet  made  is  well  adapted  to  comet  or  nebula 
seeking.)  In  front  of  the  field  lens  are  inserted  two  coarse  hairs 
in  the  form  of  a  cross,  the  intersection  being  exactly  in  the  line  of 
collimation.  With  a  little  efibrt  I  can,  witliout  artificial  illumina-r 
tion,  at  all  times  see  them,  while  at  no  time,  save  in  the  presence 
of  moonlight,  are  they  obtrusive.  When  a  nebula  is  found,  its  centre 
is  brought  to  the  middle  of  the  field,  the  driving-clock  started,  the 
telescope  clamped  in  right  ascension,  the  nebula  bisected  with  the 
optical  centre  of  the  field  in  both  co-ordinates,  the  electric  sounder 
connected  with  the  breakcircuit  sidereal  clock  started,  all  without 
removing  my  eye  from  the  telescope  and  without  an  assistant. 
After  noting  its  size,  shape,  brightness,  configuration  with  the  stars 
in  the  field  and,  if  excessively  faint,  the  number  of  seconds  (as 
counted  from  the  sounder)  it  follows  or  precedes  the  nearest  con- 
spicuous star,  I  descend  from  the  chair,  read  the  circles  and  make 
the  record  both  as  to  position  and  description.  The  pupil  of  my 
eye  becomes  greatly  expanded  in  the  dark,  and  the  periscopic  eye- 
piece is  specially  adapted  for  an  expanded  pupil,  a  fact  of  much 
significance  to  the  comet-seeker,  though  seldom  taken  into  consid- 
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eration  by  the  optician.  The  discovery  of  new  nebulse  and  the 
finding  of  their  approximate  places  are  one  thing,  while  the  obtain- 
ing of  positions  with  all  the  desired  refinements  of  accuracy  is  an- 
other and  very  different  matter.  For  the  former  work  —  their 
discovery  —  one  set  of  appliances  must  answer,  while  for  the  latter 
another  is  necessary,  and  the  two  cannot  be  combined.  When  we 
consider  the  small  amount  in  a  year,  of  suitable  weather  for  the  find- 
ing of  these  exceedingly  faint  objects  we  shall  see  that  but  slow  prog- 
ress will  be  made  if  the  observer  be  compelled  to  exchange  his  comet 
eye-piece  for  the  micrometer,  and  to  lose  much  valuable  time  in  re- 
finding  the  nebula,  which  probably  could  not  be  seen  at  all  with  it, 
selecting  his  comparison  stars,  getting  its  place  and  angle  of  posi- 
tion, finding  the  direction  of  its  major  axis,  if  elliptical,  and  deter- 
mining various  other  data.  To  accomplish  this  and  to  make  his 
records  would  require  his  lamp  to  be  several  times  lighted,  which, 
on  each  occasion,  would,  for  at  least,  two  minutes,  entirely  oblit- 
erate the  nebula,  presumably  of  unimagined  faintness.  And  then 
how  great  would  be  his  disappointq^ent  should  he  ascertain,  as 
he  probably  would,  that  the  nebula  was  already  known.  I  see, 
therefore,  no  other  course  but  to  pursue  the  plan  which  I  have 
adopted,  viz. :  to  get  as  accurate  positions  as  are  attainable  with 
the  means  used  for  their  discovery,  leaving  to  those  who  make  a 
specialty  of  such  work,  to  fix  their  places  with  such  exactness  that 
those  who  come  after  us  may  be  able  to  determine  whether  they, 
like  the  stars,  have  not  a  proper  motion.  For  aught  we  know  the 
nebulse  may  be  no  farther  distant  than  the  stars,  and,  consequently, 
their  proper  motion  may  be  equally  great,  and  ought,  therefore, 
during  the  lapse  of  a  century  or  two,  at  least  in  some  instances,  to 
be  detected. 

On  July  9,  1883, 1  began  a  systematic  search  for  new  nebulae, 
and,  during  that  short  night  14  were  found — each  one  a  nova. 
The  next  night's  search  revealed  7  more.  Up  to  July  9, 1884 — one 
year — 150  have  been  discovered,  of  which  two-thirds  are  in  Draco, 
and  the  constellation  as  yet  is  but  half  explored. 

Descriptions  of  many  of  the  nebulae  discovered  by  the  elder 
Herschel  are  widely  at  variance  with  their  present  appearance, 
but  I  doubt  if,  from  this  fact  alone,  we  are  justified  in  concluding 
that  the  brightness  and  contour  of  nebulae  change. 

I  often  find  nebulae  associated  in  pairs,  and  sets,  and  so  frequent- 
ly has  this  occurred  that  on  the  discovery  of  one  I,  invariably, 
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>  ..n.u^.^iate  nel:2:hborhooii  for  another  and,  too  often 

ou'   'I      lauoe*  oae  is  found,  apparently  connected  by 

./...o.^>    r^e    lie  'Huarv  systems  of  the  double-stars. 

^    \       tOu>  ^.iiciies  vision  is  strained  to  its  utmost  ten- 

.    v..«...    ..o  wearied  eye  fails  to  equalits  best  efforts,  I 

X     -^o    i.;:;»ttiijj:  work  of  comet-seeking. 

V  i>.^N*  Uociu'sier  is  the  most  cloudy  region  in  the 
.  V  •.  >^  V*K'  tuet)  winter  months  rarely  afford  over  four, 
>c>  -^  u<s  Hiid  many  of  the  clear  nights  of  summer  are, 
w*  ..  .  :.i^o,  u>t.*le:*s*  Since  the  appearance  of  the  red- 
..  •>  ., ''*v,  uoi  i>ue  exquisite  night  has  been  had.  Be- 
^  ..  I  v.-^c  luioward  conditions,  it  will  be  apparent  that 
V  wv    IV  V  ^ii  \ta  discovered  and  that  the  efforts  put  forth 

.v»    ,\»>c»  vaLorv  have  been  rewarded  with  a  fair  meas- 

.^  X.N  ^*  s«.>aio  of  the  nebnlffi  in  my  list  is  inconceivable. 

.    u » Nv  iKi'x  oIh^s  IU  are  bright  objects  in  comparison. 

V  M  >  t<.  id  :uk1  d:u'k  wires  the  largest  telescope  in  the 

»v  V  'vwiil  one  of  them,  and  it  is  very  doubtful  if, 

«    N..V  Kai  :ii id  luminous  wires,  micrometric  measures 

»      vi  l>c  siilisfaetorily  made. 


\  V 


.^  Oil\b^  rAFERS  READ  IN  SECTION  A. 


,      X       V   X    ^v^<    »Hli   STUDT   OF   BoTLe's    LAW.        By   Prof. 

.V      x^     ,^*  V  ..%^v  \  ii^^Hr  College,  Poughkeepsie,  N.  Y. 
\   V   >   vv^xs      ^>   lV>f*  John   Haywood,  Otterbein  Uni- 

V.  xvW\»     ^^y    VN     INTERNATIONAL    ARC   OP    MERIDIAN 

.  \     V^^^'^  ^'^  WNTINENT,  FROM   CaPE  HoRN  TO  THE 


\   \ 


\\  >      V-*N     "nAV 


^vx    I'hklawney  Saunders,  Surrey,  Eng- 


mathematics  amp  a8tbohomt.  77 

Results  op  obsbbtatiohs  amd  bxpebimehts  with  ak  almucaktar 
OP  POCB  inches  afbbtcbb,  at  the  Habyard  College  Ob- 
servatort.  By  S.  C.  Chandler,  jr.,  Assistant  in  the 
ObserTatoiy,  Cambridge,  Mass. 

The  geodetic  wobk  of  the  U.  S.  coast  ahd  geodetic  surtet. 
By  J.  Howard  Gore,  Professor  of  Mathematics,  Columbian 
University,  Washington,  D.  C. 

A  criterion  for  the  rejection  of  doubtful  observations.  By 
Dr.  Mansfield  Merriman,  Lehigh  University,  Bethlehem,  Pa. 

Harmonic  motion  in  stellar  systems.*  By  Pi-of.  Plint  £arle 
Chase,  Haverford  College,  Pennsylvania. 

On  the  mean  temperature  of  the  two  hemispheres  of  the 
earth.    By  Prof.  H.  Hennesst,  Dublin,  Ireland. 

On  the  coNSTrruTioN  of  the  earth  and  planets.  By  Prof.  H. 
Hennesst,  Dublin,  Ireland. 

On  an  international  standard  for  measurements.  By  Prof. 
H.  Hennesst,  Dublin,  Ireland. 

Systematic  errors  in  stellar  magnitudes.  By  Prof.  E.  C. 
Pickering,  Director  of  Harvard  Observatory,  Cambridge, 
Mass.  * 

On  the  magnitude  of  the  errors  which  mat  be  introduced  in 
the  reduction  of  an  observed  system  of  stellar  coordi- 
nates to  an  assumed  normal  system  by  graphic  methods. 
By  Prof.  Wm.  A.  Rogers,  Harvard  Observatory,  Cambridge, 
Mass. 

Analysis  of  the  formula  for  the  moon's  LATnuDs  as  affected 

BY  THE  FIGURE  OF  THE  EARTH.     By  Prof.  JOHN  N.  StOCKWELL, 

Cleveland,  Ohio. 

On   an   INDIRECT  SOLUTION  OF   THE  EQUATION 

TO  THE  6th  power  OF  THE  TIME,  IN   WHICH    -^  IS   A   FUNCTION 

OF  FOUR  YARiABLES.     By  Prof.   Wm.   A.   BoGERS,   Harvard 
Observatory,  Cambridge,  Mass. 

•  Printed  in  tail  In  Jouraal  of  Franklin  Institute,  Nov.,  1884. 


78  SECTION  A. 

A  BRIEF  ACCOUNT  OF   SOME   PRELIMINARY  EXPERIMENTS  IN  THE   CON- 
STRUCTION    OF    CLOCKS    OF    PRECISION.         By   PfOf.    LEONARD 

Waldo,  Yale  Observatory,  New  Haven,  Conn. 

A  COLLECTION  OF  FORMULA  FOR  THE  AREA  OF  A  PL4NE  TRIANGLE. 

By  Marcus  Baker,  U.  S.  Coast  and  Geodetic  Survey,  Wash- 
ington, D.  C. 

On  the  VISIBILITY  OF   FAINT     OBJECTS  UNDER    RED    ILLUMINATION. 

By  Prof.  G.  W.  Houqh,   Director  Dearborn  Observatory, 
Chicago,  Illinois. 

The  PRODUCTS  of  vectors.  By  Prof.  Samuel  Emerson,  University 
of  Virginia,  Va. 

Temporary  stars.     By  Prof.   Daniel  Eirkwood,  Indiana  Uni- 
versity, Bloomington,  Ind. 


SBOTION    B. 


PHYSIOS. 


J 


ADDRESS 

BY 

PROFESSOR  JOHN  TROWBRIDGE, 

VICE  PRESIDENT,  SECTION  B. 


WHAT  18  ELECTBICITYf 


The  coDJunction  of  the  meeting  of  the  American  Association 
with  the  opening  of  the  Electrical  Exposition  and  the  sittings  of 
the  National  Electrical  Congress  leads  me  to  say  a  few  words  upon 
a  question  which  we  all  ask  ourselves,  and  to  which  we  have  hitherto 
had  no  response :  "  What  is  electricity  ?  " 

After  I  have  concluded  you  will  probably  still  ask  yourselves, 
"  What  is  electricity?"  All  I  can  hope  to  do  is  to  make  you  ask 
yourselves  the  question  with  more  humility,  and  a  greater  conscious- 
ness of  ignorance ;  for  the  ignorant  man,  I  have  found,  is  generally 
sure  that  be  knows  what  electricity  is ;  and,  the  more  learned  a 
person  is,  the  more  he  is  convinced  that  he  does  not  know  what 
electricity  is. 

There  is  an  advantage  in  sounding  the  depths  of  our  ignorance, 
and  in  surveying,  even  from  a  small  Mount  Fisgah,  the  paths  we 
have  traversed,  and  the  great  promised  land  which  lies  before  us. 
In  the  beginning  I  must  express  my  conviction  that  we  shall  never 
know  what  electricity  is,  any  more  than  we  shall  know  what  energy 
is.  What  we  shall  be  able  probably  to  discover  is,  the  relation- 
ship between  electricity,  magnetism,  light,  heat,  gravitation,  and 
the  attracting  force  which  manifests  itself  in  chemical  changes. 
We  have  one  great  guiding  principle  which,  like  the  pillar  of  cloud 
by  day,  and  the  pillar  of  fire  by  night,  will  conduct  us,  as  Moses 
and  the  Israelites  were  once  conducted,  to  an  eminence  from  which 
we  can  survey  the  promised  scientific  future.  That  principle  is 
the  conservation  of  energy.  To-day  we  see  clearly  that  there  are 
A.  ▲.  A.  0.,  VOL.  zxxni.  6  (81) 
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not  different  kinds  of  forces ;  that  light  is  not  one  thing  and  heat 
another ;  that,  in  truth,  we  should  blot  the  word  light  from  oar 
physical  text-books ;  that  electricity  and  magnetism  have  their 
equivalents  in  heat,  and  heat  in  mechanical  work.  The  ancients 
had  a  god  for  every  great  manifestation  of  Nature  —  a  god  of  peace, 
a  god  of  war,  a  god  of  the  land,  a  god  of  the  sea.  Fifty  years  ago 
scientific  men  were  like  the  ancients.  There  was  a  force  attached 
to  every  phenomenon  of  Nature.  Thus,  there  were  the  forces  of 
electricity  and  magnetism,  the  vital  forces,  and  the  chemical  forces. 
Now  we  accept  treatises  on  mechanics  which  have  the  one  word 
"  Dynaniik  "  for  a  title ;  and  we  look  for  a  treatise  on  physics, 
which  shall  be  entitled  ^^  Mechanical  Philosophy,"  in  which  all  the 
phenomena  of  radiant  energy,  together  with  the  phenomena 
of  energy,  which  we  entitle  electricity  and  magnetism,  shall 
be  discussed  from  the  point  of  view  of  mechanics.  It  is  true 
that  Mascart  and  Joubert  have  entitled  their  treatise  on  elec- 
tricity and  magnetism  "  The  Mechanical  Theory  of  Electricity 
and  Magnetism  ;  "  but  what  we  are  to  have  in  the  future  is  a  trea- 
tise which  will  show  the  mechanical  relations  of  gravitation,  of  so- 
called  cliemical  attracting  force  and  electrical  attracting  force,  and 
the  manifestations  of  what  we  call  radiant  energy. 

When  we  surve}'  the  field  of  modern  physics,  we  see  that  there 
is  a  marked  tendency  to  simplify  our  conceptions.  The  question 
is  sometimes  asked,  How  shall  the  man  of  the  future  be  able  to 
make  any  advance,  since  it  now  takes  one  until  middle  age  to 
gain  familiarity  with  the  vortex  theories,  with  quaternions,  and  the 
more  or  less  complicated  mathematical  analysis  which  characterizes 
our  mechanical  theory  of  electricity  to-day  ?  It  is  evident  that  much 
of  our  complicated  scaffolding  is  to  be  taken  down,  and  the  student 
of  electricity  in  the  future  will  start  with,  perhaps,  the  laws  of  vor- 
tices as  axioms,  just  as  the  student  in  physics  to-day  starts  with  the 
truth  that  the  energy  which  we  receive  from  the  sun  does  not  exist 
either  as  light  or  heat  in  the  space  between  us  and  the  sun,  but  may 
be  electro-magnetic,  or  even  in  an  unsuspected  form ;  and  that 
light  and  heat  are  merely  manifestations  of  waves  of  energy  differ- 
ing only  in  length. 

We  have  reduced  our  knowledge  of  electricity  and  magnetism  to 
what  may  be  called  a  mechanical  system,  so  that,  in  a  large  number 
of  cases,  we  can  calculate  beforehand  what  will  take  place,  and  we 
are  under  no  necessity  of  trying  actual  experiments. 
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Thus,  a  portion  of  our  knowledge  of  electro-magnetism  is  very 
much  in  the  condition  of  our  knowledge  of  what  may  be  called  geo- 
metrical astronomy,  in  distinction  to  physical  astronomy.  We  can 
calculate  what  will  take  place  with  small  errors,  which  arise  merely 
from  the  faults  of  observation,  and  not  from  a  want  of  knowledge 
of  conditions,  or  from  the  errors  of  a  defective  theory.  It  is  prob- 
able, for  instance,  that  the  correct  form  of  a  dynamo-machine  for 
producing  the  electric  light  can  be  calculated,  and  the  plans  drawn 
with  as  much  certainty  as  the  diagrams  of  a  steam-engine  are  con- 
stmcted.  There  is  a  department  of  electricity  corresponding,  per- 
haps, to  hydraulics,  in  which  the  electrical  engineer  can  find  full 
employment  in  subjecting  perfectly  definite  conditions  to  exact  cal- 
culation. We  can  congratulate  ourselves,  therefore,  in  having  a  large 
amount  of  systematic  knowledge  in  electricity  and  we  see  clearly 
how  to  increase  this  systematic  knowledge  ;  for  we  have  discovered 
that  a  man,  to  become  an  electrician,  can  not  expect  to  master  the 
subject  of  electricity,  who  has  not  made  himself  familiar  with  ther- 
mo-d^'namics,  with  analytical  mechanics,  and  with  all  the  topics 
now  embraced  under  the  comprehensive  title  of  physics. 

Some  may  think  that  an  electrician  is  a  narrow  specialist.  I  can 
only  invite  such  persons  to  engage  in  the  study  of  ^^  What  is  elec- 
tricity ?  " 

In  standing  upon  our  scientific  Mount  Pisgah,  we  can  survey  the 
beaten  roads  by  which  we  have  advanced,  and  can  see  partially 
what  has  been  good  and  what  has  been  bad  in  the  theories  which 
have  stood  in  the  place  of  the  leaders  of  the  Israelites  and  have 
comlucted  us  thus  far.  Out  of  all  the  theories — the  two-fluid 
theory,  the  one-fluid,  or  Franklin  theory,  and  the  various  molecular 
theories — not  one  remains  to-day  under  the  guidance  of  which  we 
are  ready  to  march  onward.  The  two-fluid  theory  serves  merely  to 
fix  the  ideas  of  the  student  whose  mind  is  new  to  the  subject  of 
electricity.  I  think  I  can  safely  afi9rm  that  no  scientific  man  of 
the  present  believes  that  there  is  even  one  electric  fluid,  to  say 
nothing  of  the  existence  of  two.  We  have  discovered  that  we  can 
not  speak  of  the  velocity  of  electricity.  We  do  not  know  whether 
the  rate  of  propagation  of  what  we  call  an  electrical  impulse  is 
infinitely  slow  or  infinitely  fast.  We  do  not  know  whether  what 
we  call  the  electrical  current  in  a  conductor  is  due  to  molecular 
motions  infinitely  faster  than  those  of  outlying  molecules,  or  whether 
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there  is  a  sudden  comparative  cessation  of  molecnlar  motions  in  the 
wire  through  which  the  current  manifests  itself,  compared  with  the 
molecular  motions  outside  the  wire,  for  this  might  produce  the  elec- 
trical phenomena  we  observe.  We  do  not  know  whether  any  mo- 
lecular motion  is  concerned  in  the  manifestation  of  energy,  which 
we  call  electrical.  All  that  we  can  truly  say  is,  we  have  a  healthy 
distrust  of  our  theories,  and  an  abiding  faith  in  that  pillar  of  cloud 
b}'  day  and  the  pillar  of  fire  by  night — the  doctrine  of  the  conser- 
vation of  energy. 

Having  thus  outlined  the  present  condition  of  our  knowledge/ 
and  of  our  comprehension  of  the  bearing  and  tendencies  of  physi- 
cal science,  let  us  strive,  with  the  most  powerful  instruments  we 
have,  to  survey  the  promised  land  which  is  undoubtedly  to  be  the 
possession  of  those  who  come  after  us.  It  is  one  thing  to  become 
familiar  with  all  the  applications  of  the  mechanical  theory  of 
electricity,  and  another  to  make  an  advance  in  the  subject  so  that 
we  can  see  the  relations  of  electrical  and  magnetic  attraction  to 
the  attraction  of  gravitation  and  to  what  we  call  chemical  attrac- 
tion. To  this  possible  relationship  I  wish  to  call  your  attention 
to-day. 

I  am  forced  to  believe  that  the  new  advances  in  our  knowledge 
of  electrical  manifestations  are  to  come  from  a  true  conception  of 
the  universality  of  electrical  manifestations,  and  from  our  advance 
in  the  study  of  molecular  physics.  Picture  to  yourselves  the  posi- 
tion of  an  investigator  in  this  world.  A  person  on  the  moon  could 
only  conceive  of  this  audience  as  a  molecule  made  up  of  many 
atoms.  He  could  not  measure  the  energy  you  manifest  by  mov- 
ing about  — the  heat  energy — the  electrical  enei^y  due  to  the 
friction  of  your  envelopes.  Indeed,  he  could  only  suppose  your 
existence,  just  as  we  imagine  the  existence  of  a  molecule  of  a  crys- 
tal. Now,  the  distances  we  force  molecules  apart  by  many  of  our 
chemical  processes  seem  extremely  small  to  us ;  but  how  immense 
they  really  are  compared  with  the  distances  apart  of  the  atoms ! 
Is  it  not  as  if  we  should  take  a  stone  fh>m  the  moon  or  from  Venus 
and  place  it  u^>on  the  earth  in  the  time  of  one  second?  You  can 
imagine,  fVom  the  familiar  spectacle  of  a  meteor,  the  heat  and  the 
electricity  that  would  result.  Yet,  in  resj^ect  to  relative  distances, 
do  we  not  do  something  similar  when  we  break  a  crystal  or  poor 
acid  upon  a  metal,  or  strike  a  dynamite-cartridge?    We  are  infin* 
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itely  small  ourselves  compared  with  the  great  universe  about  us ; 
yet  our  task  is  to  comprehend  the  motions  of  aggregations  of  atoms 
infinitely  smaller  than  that  aggregation  which  we  call  man. 

When  we  break  a  crystal  mechanically,  we  have  a  development 
of  electricity.  When  we  heat  certain  crystals — tourmaline,  for 
example — besides  the  strain  among  the  molecules  of  the  crystal 
which  is  produced  by  the  increased  rates  of  vibration,  we  have  a 
difference  of  electrical  potential.  When  we  let  an  acid  fall  from 
the  surface  of  a  metal,  the  metal  takes  one  state  of  electrification 
and  the  drop  of  acid  the  other —  in  other  words,  we  produce  a  dif- 
ference of  electrical  potential.  On  the  other  hand,/i  difference  of 
electrical  potential  modifies  the  aggi-egation  of  molecules.  The 
experiments  of  Lippman  are  well  known  to  you.  He  has  con- 
structed an  electrometer,  and  even  an  electrical  machine,  which 
depend  upon  the  principle  that  the  superficial  energy  of  a  surface 
of  mercury  covered  with  acidulated  water  is  modified  when  a  dif- 
ference of  electrical  potential  is  produced  at  the  limiting  surfaces. 
I  have  lately  noticed  a  striking  illustration  of  the  modification  of 
superficial  energy  by  a  difference  of  electrical  potential.  The  ex- 
periment can  be  performed  in  this  way :  fill  the  lower  part  of  a 
glass  jar  with  clean  mercury,  pour  a  saturated  solution  of  common 
salt  upon  the  mercury,  hang  in  the  salt  solution  a  carbon  plate, 
and  connect  this  plate  with  a  battery  of  four  or  five  Bunsen  cells  ; 
and,  on  connecting  an  iron  wire  with  the  other  pole  of  the  battery, 
touch  the  surface  of  the  mercury.  An  amalgam  will  be  speedily 
formed  and  chlorine  gas  given  off.  After  a  slight  film  of  this  amal- 
gam has  been  formed  on  the  mercury,  remove  the  iron  wire,  and 
then  immerse  it  slowly  in  salt-and-water.  Even  at  a  distance  of 
six  inches  from  the  mercury,  and  far  below  the  carbon  electrode, 
the  surface  of  mei-cury  will  be  disturbed  by  the  difference  of  elec- 
trical potential,  and  a  commotion,  which  might  be  called  an  elec- 
trical storm,  will  be  observed  upon  its  surface.  Now,  these 
manifestations  of  what  is  called  superficial  energy —  that  is,  the  en- 
ergy manifested  at  the  surface  of  separation  of  any  two  media,  and 
the  effect  of  electricity  upon  this  superficial  energy  —  afford,  it 
seems  to  me,  much  food  for  thought.  There  have  always  been  two 
pai-ties  in  electricity  —  one  which  maintains  that  electricity  is  due 
to  the  contact  of  dissimilar  substances,  and  the  other  which 
believes  that  the  source  of  electrical  action  must  be  sought  in 
chemical  action.    Thus,  according  to  one  party,  the  action  of  an 
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ordinary  voltaic  cell  is  due  to  the  contact,  for  instance,  of  zinc 
with  copper,  the  acid  or  solution  of  the  cell  merely  acting  as  the 
connecting  link  between  the  two.  According  to  the  other  it 
is  to  the  difference  of  chemical  action  on  the  two  metals  of  the 
connecting  liquid  that  we  must  attribute  the  rise  and  continuance  of 
the  electrical  current.  It  has  always  seemed  to  me  that  these 
two  parties  are  like  the  knights  in  the  story,  who  stood  facing  op- 
posite sides  of  a  shield,  each  seeing  but  one  side,  one  protesting 
that  the  shield  was  silver  and  the  other  that  it  was  gold,  whereas 
it  was  both  silver  and  gold. 

The  electro-motive  force  of  a  voltaic  cell  is  undoubtedly  due  to- 
the  intrinsic  superficial  manifestation  of  energy.  When  two  dis- 
similar metals  are  placed  in  connection  with  each  other,  either  di- 
rectly or  through  the  medium  of  a  conducting  liquid,  the  chemical 
action  of  the  liquid  brings  new  surfaces  of  the  metals  constantly 
in  contact.  Moreover,  we  have  the  difference  of  superficial  energy 
between  the  liquid  and  the  two  metals.  So  that  our  expression 
for  electro-motive  force  is  far  from  being  a  simple  one  ;  it  contains 
the  sum  of  the  several  modifications  of  superficial  energy  at  the 
surfaces  of  the  two  metals,  and  at  the  two  boundaries  of  the  liquid 
and  the  metals. 

Let  us  turn  now  to  the  subject  of  thermo-electricity.  Here  we 
have  again  a  development  of  electro-motive  force  by  the  mere  con- 
tact of  two  metals,  when  the  junctions  of  the  metals  are  at  differ- 
ent temperatures.  There  is  no  connecting  liquid  here,  but  the 
surface  of  one  metal  rests  directly  upon  that  of  the  other.  The 
electrical  current  that  arises  is  due  to  the  difference  of  superficial 
energy  manifested  at  the  surfaces  of  the  two  junctions.  We  know 
that  the  action  is  on  the  surface,  for  the  dimensions  of  the  junc- 
tions do  not  affect  the  electro-motive  force.  Suppose  that  we 
should  make  the  metals  so  thin  that  an  ultimate  molecule  of  iron 
should  rest  against  an  ultimate  molecule  of  copper.  Should  we 
not  arrive  at  a  limit,  at  a  definite  temperature  of  the  conversion 
of  molecular  vibration  into  electrical  energy  and  also,  when  our 
theory  is  perfected,  of  the  number  of  molecules  along  a  linear  line 
of  copper  against  a  linear  line  of  zinc  which  can  produce  a  current 
of  electricity  of  a  given  strength  ?  I  have  often  thought  that  the 
jostling,  so  to  speak,  of  these  ultimate  molecules  of  two  metals  at 
definite  temperatures  might  form  a  scientific  unit  of  electro-motive 
force  in  the  future  science  of  physical  chemistry.    Look  at  the 
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great  field  for  investigation  tliere  is  in  the  measurement  of  what 
we  call  electro-motive  force,  both  in  voltaic  electricity  and  in  ther- 
mo-electricity. The  astronomer  measures  the  positions  of  the  stars 
and  their  light,  and  tabulates  the  enormous  volumes  of  results 
from  year  to  year,  in  order  to  ascertain  some  great  law  or  laws  of 
the  possible  changes  of  the  entire  stellar  universe  —  some  sweep- 
ing onward  through  space.  Is  it  not  fully  as  important  that,  in 
our  physical  laboratories,  we  should  organize  our  routine  work, 
and  provide  some  great  generalizer,  like  Sir  Isaac  Newton,  with 
suflScient  data  of  electro-motive  force,  or,  as  I  prefer  to  call  it,  the 
relations  of  superficial  energy,  in  order  that  the  relations  between 
this  energy  and  the  ultimate  motions  of  the  moleculai*  worlds  may 
become  better  known  to  us  ? 

When  the  world  was  evolved  from  the  first  nebulous  stage,  a 
portion  of  the  atoms  remained  more  or  less  free  in  the  gaseous 
state,  another  portion  became  more  or  less  limited  in  organic  forms, 
and  another  portion  were  tightly  compressed  into  solids  more  or 
less  elastic.  This  elasticity  is  thought  by  some  to  be  an  evidence 
of  very  rapid  motion  through  all  these  various  aggregations  of 
matter  —  or  shall  we  say  different  manifestations  of  motion  ?  for 
some  also  believe  that  our  ideas  of  matter  result  merely  from  a 
perception  of  motion.  Shall  we  afiSrm  that  there  is  some  relation 
between  elasticity  and  electricity?  I  do  not  think  that  we  are 
prepared  to  do  so,  for  some  elastic  bodies  are  good  conductors  and 
some  are  poor  conductors  of  electricity.  We  can  see  dimly,  how- 
ever, that  there  is  a  great  field  in  molecular  physics,  in  which  elas- 
ticity and  superficial  energy  and  difference  of  electrical  potential 
shall  be  treated  together. 

I  have  tried  various  experiments  upon  the  electro-motive  force 
of  alloys.  By  means  of  an  alloy  we  can  apparently  modify  the 
superficial  energy  at  the  surface  of  a  solid.  Thus,  an  alloy  with 
a  parent  metal  will  give  a  varying  electro-motive  force.  If  we 
could  be  sure  that  an  alloy  is  always  a  definite  chemical  composi- 
tion, and  not  a  more  or  less  mechanical  admixture,  it  seems  as  if 
we  could  get  closer  to  the  seat  of  electro-motive  force  by  a  num- 
ber of  quantitative  measurements.  Unfortunately,  the  physical 
nature  of  alloys  is  not  definitely  known,  and  there  is  little  coher- 
ence or  regularity  in  our  measurements  of  their  electro-motive 
force.  Still,  there  is  a  great  field  in  the  study  of  the  electro-mo- 
tive force  of  alloys.    We  can  modify  the  superficial  energy  of  met- 
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als,  not  only  by  melting  metals  together,  but  also  by  grinding  them 
to  a  very  fine  powder,  and  compressing  them  again  by  powerful 
means  into  solids  more  or  less  elastic,  and  then  examining  their 
superficial  energy,  which  is  manifested  as  electro-motive  force. 
I  am  still  engaged  upon  researches  of  this  nature,  and,  if  the 
work  is  not  brilliant,  I  hope  that  it  will  result  in  the  accumulation 
of  data  for  future  generalization. 

We  cannot  treat  the  manifestation  of  electro-motive  force  in  the 
voltaic  cell  apart  from  the  manifestation  of  electro-motive  force  in 
the  difibrently  heated  junctions  of  a  thermo-electric  junction.  In 
both  cases  there  is  a  difference  of  manifestation  of  superficial  en- 
ergy ;  and  in  thermo-electricity  we  can  also  modify  this  energy  by 
making  alloy's.  The  subject  of  thermo-electricity  has  been  eclipsed 
by  the  magnificent  development  of  the  dynamo-electric  machine, 
but  we  may  return  to  thermo-electricity  as  a  practical  source  of 
electricity.  I  have  been  lately  occupied  in  endeavoring  to  modify 
the  difference  of  potential  of  two  thermo-electric  junctions,  by 
raising  one  junction  to  a  very  high  temperature  under  great  pres- 
sure ;  for  it  is  well  known  that  the  melting-point  of  metals  is  raised 
by  great  pressure.  If  the  metal  still  remains  in  the  solid  state 
under  great  temperature  and  great  pressure,  can  we  not  greatly 
increase  the  electro-motive  force  which  results  from  the  difference 
of  superficial  energy  manifested  at  the  two  junctions  ? 

When  an  electrical  current  is  passed  through  two  thermo-electiic 
junctions,  it  cools  the  hot  one  and  heats  the  cool  one.  Moreover, 
you  are  well  acquainted  with  Thomson's  discovery  that  a  current 
of  electricity,  in  passing  through  a  metal,  caiTies  heat,  so  to  speak, 
with  it — in  one  direction  in  iron  and  in  another  in  copper.  Do 
we  not  see  here  a  connection  between  the  manifestation  of  superfi- 
cial energy  in  liquids  and  the  effect  of  a  difference  of  potential 
upon  it,  and  the  manifestations  of  thermo-electro-motive  force  and 
the  effect  of  differences  of  electrical  potential?  It  is  curious  and 
suggestive  that,  in  appl3nng  the  reasoning  of  Carnot's  cycle  to  the 
effect  of  a  difference  of  electrical  potential  on  the  superficial  energy 
at  the  surface  of  separation  of  two  liquids,  one  is  led  to  the -equa- 
tions which  express  in  thermo-dynamics  the  Peltier  and  Thomson 
effects. 

In  thus  looking  for  the  seat  and  origin  of  electrical  action,  how 
much  have  we  discovered  ?  It  is  evident  that  our  knowleilge  of 
electricity  will  increase  with  our  knowledge  of  molecular  action. 
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and  oar  knowledge  of  molecular  action  with  that  which  we  call  at- 
tractive force.  It  is  somewhat  strange  that,  although  we  are  so 
curious  in  regard  to  electricity,  we  seldom  reflect  that  gravitation 
is  as  great  a  m3^stery  as  electrical  attraction.  What  is  this  force 
which  acts  instantly  through  space,  and  which  holds  our  entire 
solar  system  together?  We  know  only  its  simple  law  —  that 
it  attracts  bodies  directly  as  their  masses  and  inversely  as  the 
square  of  their  distance ;  but  we  do  not  know  what  relation  it 
bears  to  electrical  force  or  magnetic  force.  Here  is  a  field  in 
which  we  are  to  push  back  our  boundary  of  electrical  knowledge. 
I  will  not  call  it  electrical  knowledge,  but  rather  our  knowledge  of 
the  great  doctrine  of  the  conservation  of  energy.  What  is  the  re- 
lation between  electricity,  magnetism,  and  gravitation,  and  what 
we  call  the  chemical  force  of  attraction  ?  It  seems  to  me  that  this 
is  the  question  which  we  must  strive  to  answer ;  but,  when  this 
question  is  answered,  shall  we  not  be  as  far  as  ever  from  the  an- 
swer to  the  question,  "  What  is  electricity  ?" 

The  question  of  the  connection  between  electricity  and  gravita- 
tion dwelt  much  in  Faraday's  thoughts.  It  is  interesting  to  recall 
the  experiments  which  he  instituted  to  discover  if  there  is  any  con- 
nection between  these  great  manifestations  of  force.  In  his  first 
experiment  he  suspended  vertically  an  electro- magnet,  which  was 
connected  with  a  galvanometer,  and  let  various  non-magnetic  bodies, 
such  as  brass  bodies,  pieces  of  stone  and  crystals,  fall  through  the 
centre  of  this  electro-magnet,  thinking  that  there  might  possibly 
be  a  reaction  from  the  influence  of  gravitating  force  on  the  falling 
body  which  would  be  manifested  as  an  electrical  cun-ent.  He  did 
not,  however,  obtain  the  slightest  electrical  disturbance  which 
might  not  have  been  caused  by  simple  electncal  induction.  He 
then  arranged  a  somewhat  complicated  piece  of  apparatus  by  means 
of  which  a  body  could  be  moved  alteriiately  with  the  direction  of 
gravitation  and  against  it,  and  the  terminals  of  a  galvanometer 
were  so  connected  that  the  intermittent  effects,  if  they  existed, 
could  be  integrated  or  summed  up.  He  failed,  however,  to  find  the 
slightest  relation  between  gravitation  and  electricity,  and  he  closes 
his  account  of  his  experiments  with  these  words :  ^^  Here  end  my 
trials  for  the  pVesent.  The  results  are  negative.  They  do  not 
shake  my  strong  feeling  of  the  existence  of  a  relation  between 
gravity  and  electricity,  though  they  give  no  proof  that  such  a  rela^ 
tion  exists." 
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Since  Faraday's  time  no  connection  or  relation  has  been  found 
except  in  the  similarity  of  the  law  of  inverse  squares.  I  have  often 
reflected  upon  these  experiments  of  Faraday,  and  have  asked  my- 
self, Was  the  direction  in  which  he  experimented  the  true  direction 
to  look  for  a  possible  relation  ;  and  can  not  the  refined  instruments 
and  methods  of  the  electrical  science  of  the  present  aid  us  in  more 
promising  lines  of  research  ?  Should  we  not  expect  that,  when  two 
balls  of  copper,  for  instance,  are  suddenly  removed  from  each  other, 
a  difference  of  electrical  potential  should  manifest  itself,  and  that 
the  electrical  force  thus  developed  should  be  opposed  to  our  en- 
deavor to  overcome  the  attractive  force  between  the  two  masses  of 
copper  ?  Moreover,  when  we  force  the  copper  balls  together,  should 
we  not  expect  that  an  electrical  charge  should  be  developed  of 
such  a  nature  as  to  oppose  our  motion  ?  And  thus  in  these  mutual 
relations,  which  are  apparently  consistent  with  the  doctrine  of  the 
conservation  of  energy,  should  we  not  expect  to  find  the  relation 
which  we  are  in  search  of?  Our  experiment,  therefore,  would  have 
to  be  conducted  in  this  way :  We  should  carefully  insulate  our  two 
copper  masses,  estimate  the  effects  that  would  be  due  in  any  way 
to  cutting  the  magnetic  lines  of  force  of  the  earth,  and  then  with  a 
delicate  electrometer,  the  masses  having  been  placed  in  a  vacuum 
to  get  rid  of  the  effect  of  friction  of  the  air,  we  should  proceed  to 
test  their  electrical  relations.  This  experiment  also  gives  nega- 
tive results,  but  may  we  not  try  it  under  better  conditions  than  I 
have  been  able  to  devise  ?  If  we  could  prove  that  whenever  we 
disturb  the  relative  position  of  bodies,  or  break  up  the  state  of 
aggregation  of  particles,  we  create  a  difference  of  electrical  poten- 
tial, and,  moreover,  if  we  could  discover  that  the  work  that  this 
electrical  potential  can  perform,  together  with  the  heat  that  is  de- 
veloped by  the  process,  is  the  complete  work  that  is  done  on  the 
system  against  attractive  force,  whether  expressed  in  gravitation 
attractive  force,  or  as  so-called  chemical  attractive  force,  we  should 
greatly  extend  our  vision  of  the  relation  of  natural  phenomena.  In 
thus  pursuing  the  line  of  argument  of  my  address,  I  venture  to 
state  an  hypothetical  law  which  it  seems  to  me  is  at  least  plausi- 
ble in  the  present  state  of  electrical  science,  and  may  serve  as  a 
scaffolding  to  be  taken  down  when  experiment  shall  have  properly 
proportioned  the  edifice. 

This  hypothetical  law  I  should  state  as  follows :  "  Whenever  the 
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force  of  attraction  between  masses  or  molecales  is  modified  in  any 
way,  a  difference  of  electrical  potential  results." 

In  what  I  may  therefore  call  the  physical  chemistry  of  the  fu- 
ture, may  we  not  expect  that  in  the  reactions  we  must  express  the 
equivalent  of  the  difference  of  electrical  potential  in  the  summation 
of  the  entire  work  which  is  done  ?  I  can  make  my  meaning  clear- 
er by  referring  to  an  experiment  of  Him  by  which  he  obtained  a 
fair  value  for  the  mechanical  equivalent  of  heat.  In  principle  it  is 
this :  A  heavy  weight  falls  upon  a  lead  vessel  which  contains  a 
given  amount  of  water  at  a  definite  temperature.  Tiie  lead  vessel 
suffers  compression  by  the  blow,  and  the  water  is  raised  in  tem- 
perature. It  is  found,  on  properly  estimating  the  amount  of  heat 
taken  up  by  the  lead  and  the  loss  radiated  during  the  experiment, 
that  the  heat  produced  by  the  blow  is  the  equivalent  of  its  mechan- 
ical work.  Suppose  now  that  the  vessel  containing  the  water 
should  be  made  of  two  metals  of  about  the  same  specific  heat  or 
capacity  for  absorbing  heat,  and  suppose  that  wires  should  connect 
the  two  different  metallic  portions  with  a  similar  vessel  containing 
water.  We  should  have  here  two  thermo-electric  junctions  at  the 
same  temperature.  When  the  weight  falls  upon  one  junction  and 
heats  it  with  its  contained  water,  we  have  not  only  the  heated 
water  but  also  an  electrical  current ;  it  is  evident,  therefore,  that 
we  should  be  able  to  heat  the  water  more  when  the  wire  between 
the  two  vessels  is  cut,  than  when  there  is  a  metallic  circuit  between 
them,  for  a  part  of  tha*  energy  of  the  falling  weight  has  become 
converted  into  an  electrical  current.  At  the  terminals  of  the  cut 
wires  there  is  a  difference  of  electrical  potential  created  for  an  in- 
stant, which,  however,  instantly  disappears.  What  is  the  equiva- 
lent of  this  difference  of  potential  ?  Is  it  not  in  the  closed  circuits 
through  the  masses  of  the  metals,  a  part  of  which,  it  is  true,  be- 
comes sensible  heat,  but  another  portion  may  become  latent  heat 
or  do  internal  work  among  the  molecules  ? 

Moreover,  is  it  not  reasonable  to  suppose  that  certain  anomalies 
which  we  now  find  in  the  determinations  of  specific  heats  of  com- 
plicated aggregation  of  molecules  are  due  to  our  failure  to  estimate 
the  electrical  equivalent  of  the  movements  and  interchanges  of  the 
molecules?  Let  us  take,  again,  ilie  case  of  friction  between  two 
pieces  of  wood :  is  it  not  possible  that  the  friction  is  the  electrical 
attraction  which  results  from  the  endeavor  to  move  the  adjoining 
particles  of  wood  in  the  two  pieces  asunder  ?    Let  us  remember,  in 
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our  endeavor  to  connect  the  phenomenon  of  superficial  energy  with 
electrical  manifestations,  that  the  friction  between  two  surfaces  is 
modified  by  keeping  these  surfaces  at  a  difference  of  electrical 
potential.  In  Edison's  motophone,  by  means  of  which  the  voice  of 
one  speaking  in  New  York  could  be  made  audible  to  this  audience, 
we  see  this  exemplified  in  a  very  striking  manner.  A  platinum 
point  connected  with  one  pole  of  a  battery  rubs  upon  a  revolving 
cylinder  of  chalk,  which  is  simply  moistened  with  water  and  is 
connected  with  the  opposite  pole  of  the  battery.  The  friction  be- 
tween the  two  is  modified  in  unison  with  the  changes  in  electrical 
potential  of  the  battery ;  and  a  diaphragm  in  connection  with  the 
platinum  point  responds  to  these  changes  in  the  friction,  and  there- 
fore to  a  transmitter  placed  anywhere  in  the  electrical  circuit. 

My  own  studies  have  been  chiefly  in  the  direction  of  thermo- 
electricity, and  in  the  subject  of  the  electrical  aspect  of  what  we 
call  superficial  energy.  I  think  there  is  a  great  field  here  —  in 
which  a  large  crop  of  negative  results  can  be  reaped  —  but  these 
negative  results  I  cannot  regard  entirely  as  thistles.  I  have  tried 
the  following  experiment,  on  the  h^'pothesis  that  an  electrical  dif- 
ference of  potential  in  changing  the  relations  of  molecules  might 
modify  the  heat  that  is  radiated  from  a  surface.  I  have  endeavored 
to  discover  whether  an  electrical  current  first  cools  a  conductor 
before  it  heats  it,  as  we  might  expect  if  the  molecules  being  re- 
strained in  any  way  could  not  radiate  as  much  energy  into  space  as 
they  could  under  the  same  difference  of  temperature,  when  not  sub- 
mitted to  the  action  of  an  electrical  difference  of  potential.  I  have 
reaped  only  a  thistle  so  far  from  this  investigation,  but  I  shall  con- 
tinue it.  I  have  deposited  copper  in  the  magnetic  field  and  out- 
side the  magnetic  field,  and  have  endeavored  to  ascertain  the 
thermo-electric  relations  of  these  laj^ers  of  copper,  and  have  appar- 
ently discovered  —  I  say  apparently,  for  such  experiments  require 
a  large  number  of  trials,  and  I  have  made  thus  far  only  a  limited 
number  —  that  there  is  a  difference  of  superficial  energy  between 
the  surface  in  which  the  molecules  of  copper  have  been  subjected 
to  a  strong  attractive  force  while  they  were  being  deposited,  and 
those  molecules  which  have  been  only  under  the  infiuence  of  ordi- 
nary gravitation  force. 

The  experiments  which  I  have  tried  have  continually  deepened  in 
me  the  belief  that  any  change  in  the  state  of  aggregation  of  parti- 
cles—  in  other  words,  any  change  which  results  in  a  modification 
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of  attracting  force  —  whether  gravltatlve  or  the  commonly  called 
chemical  attracting  forces,  results  in  an  electrical  potential ;  and, 
conversely,  that  the  passage  of  electricity  through  any  medium 
produces  a  change  of  aggregation  of  the  molecules  and  atoms. 
Professor  Schuster,  in  a  late  number  of  "  Nature"  (July  3,  1884, 
page  230),  gives  some  of  the  results  of  his  recent  investigation  of 
gases  subjected  to  electrical  discharges,  and  believes  himself  jus- 
tified in  making  the  following  hypothesis  :  '^  In  a  gas  the  passage 
of  electricity  from  one  molecule  to  another  is  always  accompanied 
by  an  interchange  of  the  atoms  composing  the  molecule ;  the  mole- 
cules are  always  broken  up  at  the  negative  pole, "  and  in  his  com- 
ments upon  this  law  he  remarks  that  a  molecule  of  mercury  consists 
of  a  single  atom ;  but  mercury  has  a  very  brilliant  spectrum :  this 
would  seem  to  militate  against  the  hypothesis.  On  the  other 
hand,  if  an  essential  part  of  the  glow  discharge  is  due  to  the 
breaking  up  of  the  molecules,  we  might  expect  mercury-vapor  to 
present  other  and  much  simpler  phenomena  than  other  vapors. 
This  is  the  case,  for  if  mercury-vapor  is  sufficiently  free  from  air, 
the  electrical  discharge  through  it  shows  no  negative  glow,  no  dark 
spaces,  and  no  stratifications.  In  refiecting  upon  experiments  of 
this  nature,  cannot  we  believe  that,  if  we  could  systematically 
break  up  the  arrangement  of  the  atoms  in  the  molecules  of  any 
substance,  we  could  produce  a  difference  of  electrical  potential? 
Our  instrumental  means  are  probably  too  coarse  to  enable  us  to 
follow  the  track  of  such  splitting  of  the  molecules.  We  are  like 
blind  men  in  a  great  field  of  energy  striving  to  ascertain  the  con- 
figuration about  us  with  only  three  senses — the  galvanometer 
sense,  the  electrometer  sense,  and  the  voltameter  sense.  Suppose 
you  add  to  the  equipment  of  such  blind  men  a  magnetic  sense,  or 
an  attractive-force  sense.  Suppose  such  a  blind  man  could  per- 
ceive the  equivalence  of  our  thoughts  in  electrical  and  magnetic  re- 
lations, as  we  now  see  a  manifestation  of  equivalence  of  mechanical 
work  when  a  lighthouse  lamp  bursts  upon  our  sight.  Suppose  such 
a  person  could  become  sensible  of  every  change  among  atoms  and 
molecules.  Suppose  that  the  quick  passing  of  what  we  call  life 
from  the  body  into  another  shape  or  state  of  existence  should  be 
sensible  as  a  reaction  in  electrical  and  magnetic  effects.  Such  a 
person  eould  then  see  the  quick  ebb  and  flow  and  interchanges  of 
attractive  forces  as  we  now  see  the  play  of  colors.  Have  you  ever 
reflected  that  we  may  possibly  have  some  day  an  electrical  spec- 
trum —  perhaps  I  should  call  it  an  attraoting-force  spectrum  —  in 
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which  the  electro-magnetic  manifestations  of  energy  shall  be  spread 
out  and  differentiated,  Just  as  that  part  of  the  energy  which  we  re- 
ceive from  the  sun  and  which  we  call  light  and  heat  is  now  dis- 
persed in  the  visible  solar  spectrum?  We  regard  to-day  the 
manifestations  of  the  different  color  of  bodies  —  the  tints  of  the 
objects  in  the  room  —  as  the  visible  expression  of  the  great  law  of 
conservation  of  energy.  The  energy  which  we  have  received  from 
the  sun  is  making  interchanges  and  is  modified  by  the  different 
molecular  structure  of  the  different  objects.  Thus,  a  red  body 
has  absorbed,  so  to  speak,  certain  wave-lengths  of  energy,  and  has 
transmitted  or  reflected  back  only  the  red  or  long  waves  of  energy. 
The  rest  of  the  energy  has  been  devoted  to  molecular  work  which 
does  not  appeal  to  us  as  light  or  even  in  certain  cases  as  heat.  If 
we  suppose  that  radiant  energy  is  electro-magnetic,  cannot  we 
suppose  that  it  is  absorbed  more  readily  by  some  substances  than 
by  others,  that  its  energy  is  transformed  so  that  with  the  proper 
sense  we  could  perceive  what  might  be  called  electrical  color ;  or, 
in  other  words,  have  an  evidence  of  other  transformations  of  radi- 
ant energy  other  than  that  which  appeals  to  us  as  light  and  color  ? 

I  have  thus  far  conducted  you  over  a  field  that,  in  comparison 
with  what  lies  before  us,  seems  indeed  barren  and  churlish  of  re- 
sults. Have  we,  then,  nothing  upon  which  we  can  congratulate 
ourselves?  lean  only  reply  by  pointing  to  the  rich  practical  re- 
sults which  you  can  see  in  the  fine  electrical  exposition  which  we 
owe  to  the  energy  and  liberality  of  the  citizens  of  Philadelphia. 
Although  we  must  glory  in  this  exposition,  it  is  the  duty  of  the^ 
idealist  to  point  out  the  way  to  greater  progress  and  to  greater  in- 
tellectual grasp. 

Perhaps  we  have  arrived  at  that  stage  in  our  study  of  electricity 
where  our  instruments  are  too  coarse  to  enable  us  to  extend  our 
investigations.  Yet  how  delicate  and  efiQcieut  they  are  I  Compare 
the  instruments  employed  by  Franklin,  and  even  by  Faraday,  with 
those  which  are  in  constant  use  to-day  in  our  physical  laboratories. 
Franklin,  by  the  utmost  effort  of  his  imagination,  could  not  con- 
ceive, probably,  of  a  mirror-galvanometer  that  can  detect  the  elec- 
trical action  of  a  drop  of  distilled  water  on  two  so-called  chemically 
pure  platinum  plates,  or  of  a  machine  that  can  develop  from  the 
feeble  magnetism  of  the  earth  a  current  suflSciently  strong  to  light 
the  city  of  Philadelphia.  Let  him  who  wanders  among  the  historical 
physical  instruments  of  many  of  our  college  collections  stand  before 
the  immense  IHctional  electrical  machine  of  Franklin's  day,  or  gaze 
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upon  the  rade  electrometers  and  galvanometers  of  that  time,  and 
contrast  Franklin's  machine  with  the  small  Toepler-Holtz  electri- 
cal machine  which  with  a  tenth  of  the  size  gives  a  spark  ten  times 
as  strong  as  Franklin's ;  or  the  electrometers  and  galvanometers  of  , 
Faraday  with  the  mirror-galvanometers  and  electrometers  of  Sir 
William  Thomson.  Yet,  at  the  same  time,  let  such  an  observer 
think  of  the  possibilities  of  the  next  fifty  years,  for  the  advance  of 
science  is  not  in  a  simple  proportion  to  the  time,  and  the  next  fifty 
years  will  probably  see  a  far  greater  advance  than  the  one  hundred 
years  since  the  date  of  Franklin's  electrical  work  has  seen.  Is  not 
the  state  of  our  imagination  like  that  of  the  shepherd-boy  who  lies 
upon  his  back,  looking  up  at  the  stars  of  heaven,  and  trying  to 
imagine  what  is  beyond  the  stars  ?  The  only  conclusion  is  that  there 
is  something  far  more  than  we  have  ever  beheld.  Is  it  not  the 
physicist  of  the  future  to  have  instruments  delicate  enough  to 
measure  the  heat  equivalent  of  the  red  and  the  yellow,  the  blue  and 
the  violet  rays  of  energy? — instruments  delicate  enough  to  dis- 
cover beats  of  light  as  we  now  discover  those  of  sound  —  an  appa- 
ratus which  will  measure  the  difference  of  electrical  potential 
produced  by  the  breaking  up  of  composite  grouping  of  molecules? 
The  photographer  of  to-day  speaks,  in  common  language,  of  hand- 
icapping molecules  by  mixing  gums  with  his  bromide  of  silver,  in 
order  that  their  rate  of  vibration  may  be  effected  by  the  long  waves 
of  energy.  Shall  we  not  have  the  means  of  obtaining  the  mechan- 
ical equivalent  of  such  handicapped  vibrations  ?  Or,  turning  to 
practical  science,  let  us  reflect  upon  the  modern  transmitter  and 
the  telephone,  and  contrast  these  instruments  with  the  rude,  so- 
called  lover's  telephone,  which  consists  of  two  disks  connected  by 
a  string  or  wire.  What  an  almost  immeasurable  advance  we  see 
here  I  Would  it  not  have  been  as  difficult  for  Franklin  to  conceive 
of  the  electrical  transmission  of  speech  as  for  the  shepherd-boy  to 
conceive  of  other  stars  as  far  beyond  the  visible  stars  as  the  visi- 
ble stars  are  from  the  earth  ? 

Yes,  we  have  advanced  ;  but  you  will  perceive  that  I  have  not 
answered  the  question,  which  filled  the  mind  of  Franklin,  and 
which  fills  men's  minds  to-day, "  What  is  electricity  ?  "  If  I  have 
succeeded  in  being  suggestive,  and  in  starting  trains  of  thought  in 
your  minds  which  may  enlighten  us  all  upon  this  great  question,  I 
have  indeed  been  fortunate. 
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On    the    Fritts   selenium  cells  and    batteries.      By  C.   E. 
Fritts,  New  York,  N.  Y. 

In  all  previous  cells,  so  far  as  I  am  aware,  the  two  portions  or 
parts  of  the  selenium,  at  which  the  current  enters  and  leaves  it, 
have  been  in  substantially  the  same  electrical  state  or  condition. 
Furthermore,  the  paths  of  the  current  and  of  the  light  have  been 
transverse  to  each  other,  so  that  the  two  forces  partially  neutral- 
ize each  other  in  their  action  upon  the  selenium.  Lastly,  the  cur- 
rent flows  through  not  only  the  surface  layer  which  is  acted  upon 
by  the  light,  but  also  through  the  portion  which  is  underneath 
and  not  affected  thereby,  and  which  therefore  detracts  from  the 
actual  effect  of  the  light  upon  the  selenium  at  the  surface. 

My  form  of  cell  is  a  radical  departure  from  all  previous  methods 
of  employing  selenium,  in  all  of  these  respects.  In  the  first  place, 
I  form  the  selenium  in  very  thin  plates,  and  polarize  them,  so  that 
the  opposite  faces  have  different  electrical  states  or  properties. 
This  I  do  by  melting  it  upon  a  plate  of  metal  with  which  it  will 
form  a  sort  of  chemical  combination,  suflScient,  at  least,  to  cause 
the  selenium  to  adhere  and  make  a  good  electrical  connection  with 
it.  The  other  surface  of  the  selenium  is  not  so  united  or  combined, 
but  is  left  in  a  free  state,  and  a  conductor  is  subsequently  applied 
over  it  by  simple  contact  or  pressure. 

During  the  process  of  melting  and  crystallizing,  the  selenium  is 
compressed  between  the  metal  plate  upon  which  it  is  melted  and  an- 
other plate  of  steel  or  other  substance  with  which  it  will  not  com- 
bine. Thus  by  the  simultaneous  application  and  action  of  heat 
pressure,  chemical  affinit}'  and  crystallization,  it  is  formed  into  a 
sheet  of  granular  selenium,  uniformly  polarized  throughout,  and 
having  its  two  surfaces  in  opposite  phases  as  regards  its  molecular 
arrangement.  The  non-adherent  plate  being  removed  after  the  cell 
has  become  cool,  I  then  cover  that  surface  with  a  transparent  con" 
ductor  of  electricity^  which  may  be  a  thin  film  of  gold  leaf.  Plat- 
inum, silver,  or  other  suitable  material  may  also  be  employed. 
The  whole  surface  of  the  selenium  is  therefore  covered  with  a  good 
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electrical  conductor,  yet  is  practically  bare  to  the  light,  which  passes 
through  the  conductor  to  the  selenium  underneath.  My  stand- 
ard size  of  cell  has  about  two  by  two  and  a  half  inches  of  surface, 
with  a  thickness  of  y^jVv  ^  Ti^(nr  ^"^^  ^^  selenium.  But  the  cells 
can,  of  course^  be  made  of  any  size  or  form.  A  great  advantage  of 
this  arrangement  consists  in  the  fact  that  it  enables  me  to  apply 
the  current  and  the  light  to  the  selenium  in  the  same  plane  or  gen- 
eral direction,  instead  of  transversely  to  each  other  as  heretofore 
done,  so  that  I  can  cause  the  two  influences  to  either  coincide  in 
direction  and  action,  9r  to  act  upon  opposite  faces  of  the  selenium 
and  oppose  each  other,  according  to  the  effect  desired. 

By  virtue  of  tlie  process  and  arrangement  described,  my  cells 
have  a  number  of  remarkable  properties,  among  which  are  the 
following : 

1.  Their  sensitiveness  to  light  is  much  greater  than  ever  before 
known.  The  most  sensitive  cell  ever  produced,  previous  to  my 
investigations,  was  one  made  by  Dr.  Werner  Siemens,  which  was 
14.8  times  as  conductive  in  sunliglit  as  in  dark.  In  table  A,  I  give 
results  obtained  from  a  number  of  my  cells. 

TABIiB  A. 
SENSITIVENESS  TO  UGHT. 


Selenium 
cell. 

Battery 
power. 

Besistance  in 
dark. 

Besiatance  in 
sail  light. 

Ratio. 

No.  22 

5  elements 

89,000  ohms. 

840  ohms 

114     to  1 

"    231 

5        " 

14,000     *< 

170     « 

82.3  **  " 

"    24" 

5        «* 

648,000     " 

3,400     •< 

270     «*  " 

«   261 

6        «* 

180,000     <• 

830     ** 

196.6  «  « 

«•   26» 

5        " 

136,000      " 

710     " 

190     "  •< 

"  107 

6        " 

118,000      " 

740     " 

169     «*  ** 

"  108 

6        " 

200,000      •« 

900     « 

222     "  ** 

"  122 

5        « 

66,000      •« 

220     " 

254.6  "  «* 

"  129» 

6         « 

200,000      " 

940     " 

212     "  «* 

"  137 

6         « 

108,000      " 

820     " 

837.6  "  ** 

It  will  be  observed  that  I  have  produced  one  cell  which  was 


^  Cells  No.  28  and  No.  129  are  now  in  possession  of  Prof.  W.  Grylls  Adams,  of  King's 
College,  London ;  Dr.  Werner  Siemens  has  No.  26,  and  Prof.  George  F.  Barker,  of 
Philadelphia,  has  No.  26. 

■No.  24  was  measured  with  a  bridge  multiplier  of  6  to  1. 
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337.5  timeB  as  conductive  in  hazy  sunlight  as  in  dark.  The  tre- 
mendous change  of  resistance  involved  in  the  expression  ^^337.5 
times"  may  perhaps  be  more  fully  realized  by  saying  that  99.704 
per  cent  of  the  resistance  had  disappeared  temporarily,  under  the 
joint  action  of  light  and  electricity,  so  that  there  remained  less  tJian 
■^ff  of  1  per  cent  of  the  original  resistance  of  the  selenium  in  dark. 

In  order  to  obtain  these  high  results,  the  cells  must  be  pro- 
tected from  light  when  not  in  use.  The  resistance  is  first  meas- 
ured while  the  cell  is  still  in  total  darkness.  It  is  then  exposed 
to  sunlight  and  again  measured.  It  is  also  necessary  to  send  the 
cuiTent  in  at  the  gold  electrode  or  face,  as  the  cell  is  much  less 
sensitive  to  light  when  the  light  acts  upon  one  surface  of  the 
selenium  and  the  current  enters  at  the  opposite  surface.  When 
the  two  influences,  the  light  and  the  current,  act  through  the  gold, 
in  conjunction,  their  forces  are  united  ;  and,  as  every  atom  of  the 
selenium  is  affected  by  the  light,  owing  to  the  extreme  thinness 
of  the  plate,  we  have  the  full  effect  shown  in  the  measurements. 

Cells  which  are  sensitive  to  light  improve  by  being  used  daily, 
and  their  sensitiveness  becomes  less  if  they  are  laid  aside  and  not 
used  for  a  considerable  length  of  time,  especially  if  allowed  to 
become  overheated.  They  should  be  kept  cool,  and  exposed  to 
light  frequently,  whether  they  are  used  or  not. 

Mode  of  measuring  ceUa,  8o  great  is  the  sensitiveness  of  these 
cells  to  external  influences,  that  it  is  necessary  to  adopt  some  par- 
ticular system  in  measuring  their  resistance  and  to  adhere  strictly 
to  tliat  system,  as  every  change  in  the  method  of  measurement 
produces  a  difference  in  the  result  and  the  different  measurements 
would  not  be  comparable  with  each  other.  The  reason  for  this 
will  be  explained  presently. 

The  system  I  have  adopted  is  the  Wheatstone's  bridge  an*ange- 
ment,  with  equal  sides,  never  using  multipliers  except  for  some 
experimental  purpose.  In  each  multiplier  wire  I  have  500  ohms 
resistance.  When  the  bridge  is  balanced,  one-half  of  the  current 
flows  through  the  cell  and  acts  upon  the  selenium.  Between  the 
bridge  and  the  cell  is  a  reversing  switch,  so  that  the  current  can 
be  reversed  through  the  cell  without  changing  its  course  through 
the  bridge.  A  Bradley  tangent  galvanometer  is  used,  employing 
the  coil  of  160  ohms  resistance.  The  Leclanche  battery  is  exclu- 
sively used  in  measurements  for  comparison. 

2.     T/te  kind  of  battery  employed  has  a  marked  effect  upon  the 
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sensitiveness  to  light,  which  is  largely  reduced  or  entirely  destroyed 
when  the  bichromate  battery  is  used.  The  same  cells  again  be- 
come extremely  sensitive  with  the  Leclanche  battery.  We  might 
naturally  expect  that  a  change  in  the  current  employed  would 
cause  a  change  in  the  resistance  of  a  cell,  but  it  is  not  clear  how  or 
why  it  should  affect  the  sensitiveness  of  selenium  to  light, 

^^  If  one  kind  of  battery  current  destroys  its  sensitiveness,  may 
we  not  suppose  that  another  kind  might  increase  its  sensitiveness  ? 
Although  the  Leclanch6  has  operated  well,  some  other  may  oper- 
ate still  better,  and  by  its  special  fitness  for  use  on  selenium  cells 
may  intensify  their  actions,  and  so  bring  to  light  other  properties 
yet  unthought  of.  Is  not  here  a  promising  field  for  experiment, 
in  testing  the  various  forms  of  battery  already  known,  or  even 
devising  some  new  form  especially  adapted  to  the  needs  and 
peculiarities  of  selenium  cells  ?  " 

One  year  ago  I  made  the  foregoing  suggestion  in  a  paper  on  A 
New  Form  of  Selenium  Cell^  presented  before  this  Association  at 
Minneapolis.  I  am  now  at  liberty  to  state  that  my  photo-electric 
battery,  presently  to  be  described,  marks  an  advance  in  the  direc- 
tion indicated.  The  current  from  this  battery  increases  the  sen- 
sitiveness of  the  cells  to  light,  and  also  to  reversal  of  current. 
One  cell  whose  highest  ratio  in  light  was  about  83  to  1,  with  the 
Leclanch6  battery,  when  measured  with  my  battery  gave  a  ratio  of 
120  to  1.  It  seems  to  make  the  resistance  of  the  cell  both  higher 
in  dark  and  lower  in  sunlight  than  with  the  Leclanch6  battery. 
But  the  field  is  yet  open  to  others,  for  the  discovery  of  a  battery 
which  may  be  still  better  for  use  with  selenium  cells. 

3.  The  two  surfaces  of  the  selenium  act  differently  towards  cur" 
rents  sent  into  them  from  the  contiguous  conductors.  One  surface 
offers  a  higher  resistance  to  the  current  than  the  other.  The  for- 
mer I  utilize  as  the  anode  surface,  as  I  have  found  that  the  cell  is 
more  sensitive  to  light  when  the  current  enters  at  that  surface, 
which  is  ordinarily  the  one  covered  by  the  gold  or  other  trans- 
parent conductor.  Some  cells  have  this  property  but  feebly  de- 
veloped ;  but  in  one  instance  the  resistance  offered  to  the  current 
by  the  anode  surface  was  256  times  as  high  as  that  offiered  by  the 
cathode  surfabe  to  the  same  current.  In  the  majority  of  cases, 
however,  the  ratio  does  not  exceed  ten  times.  Table  B  gives  some 
recent  results. 
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TABIiB  B. 

SBNSinyBNBSS  TO  REVERSAL  OF  DIRECTION  OF  CURRENT. 


No.  Of  cell. 

Battery. 

Resistance, 
**  gold  anode." 

KesI  stance, 
"  sold  cathode.^ 

Batio. 

1  inch  square,  No.  4 

6  elements 

20,000  ohms 

1,000  ohms 

20      tol 

1    "       "          «    3 

Se,  cell. 

6,600 

400     *' 

16.2  •*  " 

Fall  size,  No.   13 

1  element 

9.000      " 

800     " 

11.2  *•  •« 

u      <•       (1      24 

6       " 

2,440      « 

ISO     " 

18      "  " 

«     u        .«      j5 

6       " 

4,640     " 

210     " 

22      '*  " 

If      («       u      27 

6       " 

6,900      « 

440     •* 

16      •*  " 

«      •(       i<    126 

1       " 

6,000     " 

380     " 

15      "  " 

The  direction  of  the  current  is  always  indicated  by  stating  the 
position  of  the  gold  electrode, —  by  the  terms  "gold  anode"  and 
"  gold  cathode."    The  above  measurements  were  made  in  dark. 

4.  Sensitiveness  to  change  of  battery  power.  My  cells  are  ex- 
tremel}^  sensitive  to  any  change  in  the  strength  or  character  of 
the  current  flowing  through  them,  which  is  shown  by  a  corre- 
sponding change  in  the  resistance  of  the  cell.  I  can,  therefore, 
vary  the  resistance  of  one  of  my  cells  in  many  waj^s,  and  the  fol- 
lowing may  be  specified,— 

(a)  By  changing  the  potential  or  electromotive  force  of  the  cur- 
rent through  the  cell. 

(b)  By  changing  the  "  quantity"  of  the  battery  or  current. 

(c)  By  putting  more  or  less  resistance  in  the  circuit. 

(d)  By  dividing  the  current,  by  one  or  more  branch  circuits  or 
shunts  around  the  cell. 

(e)  By  varying  the  resistance  in  any  or  all  of  said  circuits. 

A  cell  whose  resistance  becomes  greater  as  the  battery*  power 
becomes  greater,  and  vice  versa^  I  call  an  "  L  B  cell"  signifying 
lAJce  the  Battery  power.  A  "U  B  cell"  is  one  whose  resistance  be- 
comes greater  as  the  battery  power  (or  strength  of  current)  be- 
comes less,  and  vice  versa^  being  Unlike  the  Battery  power  or 
current  strength. 

These  changes  of  resistance  are  not  due  to  heating  of  the  con- 
ductor or  the  selenium,  and  the  following  instance  will  illustrate 
this.  I  have  one  cell  in  which  the  selenium  had  about  one-fourth 
inch  square  of  surface  melted  on  a  brass  block  one  inch  thick. 
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This  cell  measured,  with  25  elements  of  Leclanchi,  40,000  ohms. 
On  changing  the  battery  to  5  elements  the  resistance  fell  instantly 
to  80  ohms,  and  there  remained.  On  again  using  the  current 
from  25  elements,  the  resistance  instantly  returned  to  40,000 
ohms.  Had  these  results  been  due  in  any  degree  to  heating,  the 
resistance  would  have  changed  gradually  as  the  heat  became  com- 
municated to  the  brass, —  whereas  no  such  change  occurred,  the 
resistances  being  absolutely  steady.  Moreover,  even  the  fusion  of 
the  selenium  would  not  produce  an}'  such  change. 

The  ^^  U  B''  property  does  not  ordinarily  change  the  resistance 
of  the  cell  to  exceed  ten  times,  t.  «.,  the  resistance  with  a  weak 
current  will  not  be  over  ten  times  as  high  as  with  a  strong  one. 
But  I  have  developed  the  ^^  L  B*'  property  to  a  far  higher  degree. 
Table  C  gives  some  recent  results  obtained  with  L  B  cells,  includ- 
ing one  whose  resistance,  with  25  elements  Leclanch6,  was  11,381 
times  as  high  as  with  8  elements,  and  which,  after  standing 
steadily  at  128  ohms  (and  then  at  825  ohms  with  1  element),  on 
receiving  the  current  fk'om  25  elements  again  returned  to  its  pre- 
vious figure  of  1,400,000  ohms. 

TABUDO. 

BIKSITIVBirBSS  TO  CHANOB  OP  BATTERT  POWER. 


Mo.  of  cell. 

Besislance  with 
26  elements. 

Resistance  witii 
6  elements. 

Katio  of 
change. 

1  Inch  square,  Ko  1 

40,000  ohms 

80  ohms 

1,333  to  1 

1       H                  M              «    3 

18,000      <' 

40     " 

326  ««" 

1     l(              U           l(    1 

1,400,000     •< 

M3»    " 

11,381  "  " 

1    «i          «        *t  2 

000,000     <• 

0S     «• 

8,064  "  « 

1    <«          «        (•  5 

8,500     *• 

91     « 

167  "  " 

Fnll  slxe,  No.  81 

68,000     •< 

121     «» 

661  "  *« 

"       "     •<      83 

9,000      " 

64     « 

140  "•• 

u       ><      M      88 

17,300      " 

74     « 

2331.M 

it        M      «(      119 

86,600      " 

19     « 

1,894  "  " 

The  results  in  the  table  were  obtained  by  changing  the  strength 
of  current  by  throwing  in  more  or  less  of  the  battery.  Like  re- 
sults can  be  obtained  by  varying  the  current  through  the  cell  by 
any  of  the  other  methods  before  specified.  The  above  measure- 
ments were  in  dark. 

*  This  measarement  was  obtained  with  8  elementa. 
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5.  IhtcU  state  of  selenium.  My  cells,  when  first  made,  seem  to 
have  two  states  or  conditions.  In  one,  their  resistance  is  very 
low,  in  the  other  it  is  high.  When  in  the  low  state  they  are  usu- 
ally not  very  sensitive,  in  any  respect.  I  therefore  raise  the 
resistance,  by  sending  an  intermittent  or  an  alternating  current 
through  the  cells,  and  in  their  new  condition  they  at  once  become 
extremely  sensitive  to  light,  currents,  and  other  influences.  In 
some  cases  they  drop  to  the  low  state  again,  and  require  to  be 
again  brought  up,  until,  after  a  number  of  such  treatments,  they 
remain  in  the  sensitive  state.  Occasionally  a  cell  will  persist  in 
remaining  in  the  insensitive  state.  The  before- mentioned  treat- 
ment raises  it  up  for  a  moment,  but,  before  the  bridge  can  be  bal- 
anced and  the  resistance  measured,  it  again  drops  into  the  low  or 
insensitive  state.  Some  cells  have  been  thus  stimulated  into  the 
high  or  sensitive  state  repeatedly,  and  every  means  used  to  make 
them  stay  there,  but  without  avail ;  and  they  have  had  to  be  laid 
aside  as  intractable. 

In  the  earlier  stages  of  my  investigations,  before  the  discovery 
of  (his  dual  state  and  the  method  of  changing  a  cell  from  the 
Insensitive  to  the  sensitive  condition,  hundreds  of  cells  were 
made,  finished,  and  tested,  only  to  be  then  ruthlessly  destroyed  and 
melted  over,  under  the  impression  that  they  were  worthless.  Now 
I  consider  nothing  worthless,  but  expect  sooner  or  later  to  make 
every  cell  useful  for  one  purpose  or  another. 

The  most  singular  part  of  this  phenomenon  is  the  wide  difference 
in  the  resistance  of  the  cells  in  the  two  states.  In  the  low  state, 
it  may  be  a  few  ohms,  or  even  a  few  hundredths  of  an  ohm.  In 
the  high  state,  it  is  the  normal  working  resistance  of  the  cell, 
usually  between  5,000  and  200,000  ohms,  but  is  often  up  among 
the  millions.  The  spectacle  of  a  little  selenium  being  stimulated, 
by  a  few  interruptions  of  the  current  through  it,  into  changing  its 
resistance  from  a  fraction  of  an  ohm  up  to  a  million  or  several 
millions  of  ohms,  and  repeatedly  and  instantly  changing  back  and 
forth,  up  and  down,  through  such  a  wide  range, — we  might  almost 
say,  changing  from  zero  to  infinity,  and  the  reverse,  instantly, — 
is  one  which  suggests  some  very  far-reaching  inquiries  to  the  elec- 
trician and  the  physicist.  What  is  the  nature  of  electrical 
conductivity  or  resistance,  and  how  is  it  so  greatly  and  so  sudden- 
ly changed  ? 

6.  Radio-dectric  current  generator $•  My  cells  can  be  so  treated 
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that  they  will  generate  a  current  by  simple  exposure  to  light  or 
heat.  The  light,  for  instance,  passes  through  the  gold  and  acts 
upon  its  junction  with  the  selenium,  developing  an  electromotive 
force  which  results  in  a  current  proceeding  from  the  metal  back, 
through  the  external  circuit,  to  the  gold  in  front,  thus  forming  a 
photo-electric  dry  pile  or  battery.  It  should  preferably  be  protect- 
ed from  overheating,  by  an  alum  water  cell  or  other  well  known 
means. 

The  current  thus  produced  is  radiant  energy  converted  into 
electrical  energy  directly  and  without  chemical  action,  and  flowing 
in  the  same  direction  as  the  original  radiant  energy,  which  thus 
continues  its  course,  but  through  a  new  conducting  medium  suited 
to  its  present  form.  This  current  is  continuous,  constant,  and  of 
considerable  electromotive  force.  A  number  of  cells  can  be 
arranged  in  multiple  arc  or  in  series,  like  any  other  battery.  The 
current  appears  instantly  when  the  light  is  thrown  upon  the  cell, 
and  ceases  instantly  when  the  light  is  shut  off.  If  the  light  is 
varied  properly,  by  any  suitable  means,  a  telephonic  or  other 
corresponding  current  is  produced,  which  can  be  utilized  by  any 
suitable  apparatus,  thus  requiring  no  battery  but  the  selenium  cell 
itself.  The  strength  of  the  current  varies  with  the  amount  of 
light  on  the  cell,  and  with  the  extent  of  the  surface  which  is 
lighted. 

I  produce  current  not  only  by  exposure  to  sunlight,  but  also  to 
dim  diffused  daylight,  and  even  to  lamplight.  I  have  used  this  cur- 
rent for  ^ctual  working  purposes, —  among  others,  for  measuring  the 
resistance  of  other  selenium  cells,  with  the  usual  Wheatstone's 
bridge  arrangement,  and  for  telephonic  and  similar  purposes.  Its 
use  for  photometric  purposes  and  in  current-regulators,  will  be  men- 
tioned farther  on.  It  is  undoubtedly  available  for  all  uses  for 
which  other  battery  currents  are  employed,  and  I  regard  it  as  the 
most  constant,  convenient,  lasting,  readil}'  used  and  easily  managed 
pile  or  battery  of  which  I  have  any  knowledge.  On  the  commercial 
scale,  it  could  be  produced  very  cheaply,  and  its  use  is  attended  by  no 
expense,  inasmuch  as  no  liquids  or  chemicals  are  used,  the  whole 
cell  being  of  solid  metal  with  a  glass  in  front,  for  protection 
against  moisture  and  dust.  It  can  be  transported  or  carried  around 
as  easily  and  safely  as  an  electro-magnet,  and  as  easily  connected 
in  a  circuit  for  use  wherever  required.  The  current,  if  not  want- 
ed immediately,  can  either  be  "stored"  where  produced,  in  storage 
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batteries  of  improved  construction  devised  by  me,  or  transmitted 
over  suitable  conductors  to  a  distance,  and  there  used,  or  stored 
as  nsual  till  required. 

7.  Singing  and  speaking  ceUs.  When  a  current  of  electricity 
flowing  through  one  of  my  selenium  cells  is  rapidly  interrupted,  a 
sound  is  given  out  by  the  cell,  and  that  sound  is  the  tone  having 
the  same  number  of  air  vibrations  per  second  as  the  number  of 
interniptions  in  the  current.  The  strength  of  the  sound  appears 
to  be  independent  of  the  direction  of  the  current  through  the  cell. 
It  is  produced  on  the  face  of  the  cell,  no  sound  being  audible 
from  the  back  of  the  cell.  An  alternating  current  also  produces  a 
sound  corresponding  to  the  number  of  changes  of  direction.  Ex- 
periments also  show  that,  if  a  telephonically  undulating  current 
is  passed  through  the  cell,  it  will  give  out  the  speech  or  other 
sound  corresponding  to  the  undulations  of  the  current, — and, 
furthermore,  that  the  cell  will  sing  or  speak  in  like  manner,  with- 
out the  use  of  a  current,  if  a  suitably  varied  light  is  thrown  upon 
it  while  in  closed  circuit. 

My  experiments  having  been  devoted  especially  to  those  branches 
of  the  subject  which  promised  to  be  more  immediately  practically 
valuable,  I  have  not  pursued  this  inquiry  very  far,  and  offer  it  for 
your  consideration  as  being  not  only  interesting,  but  possibly 
worthy  of  full  investigation. 

General  Observations  on  the  Properties  of  Cells, 
From  the  number  of  different  properties  possessed  by  my  cells, 
it  might  be  anticipated  that  the  different  combinations  4f  those 
properties  would  result  in  cells  having  every  variety  of  action. 
This  is  found  to  be  the  case.  As  a  general  rule,  the  cells  are 
noteworthy  in  one  respect  only.  Thus,  if  a  cell  is  extremely 
sensitive  to  light,  it  may  not  be  specially  remarkable  in  other 
respects.  As  a  matter  of  fact,  however,  the  cells  most  sensitive 
to  light  are  also  "U  B  cells." 

The  property  of  ^  sensitiveness  to  light  is  independent  of  the 
power  to  generate  current  by  exposure  to  light, — the  best  current- 
generating  cells  being  only  very  moderately  sensitive  to  light, 
and  some  of  the  most  sensitive  cells  generate  scarcely'  any  current 
at  all.  Current-generating  cells  are,  almost  without  exception, 
"U  B  cells ;"  and  the  best  current-generating  cells  are  strongly 
polarized,  showing  a  considerable  change  of  resistance  by  revers- 
ing the  direction  of  a  current  through  them ;  and  they  are  also 
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strong  **anode  cells,"  i.  e.,  the  surface  next  to  the  gold  offers  a 
higher  resistance  to  a  battery  current  than  the  other  surface  of 
the  selenium  does.  The  power  to  generate  a  current  is  temporarily 
weakened  by  sending  a  battery  current  through  the  cell  while  ex- 
posed to  light,  in  either  direction.  The  current  generated  by 
exposure  to  light  is  also  weakened  by  warming  the  cell,  unless 
the  cell  is  arranged  for  producing  current  by  exposure  to  heat. 

The  properties  of  sensitiveness  to  light  and  to  change  of  battery 
power  are  independent  of  each  other,  as  I  have  cells  which  are 
sensitive  to  change  of  current  but  absolutely  insensitive  to  light, — 
their  resistance  remaining  exactly  the  same  whether  the  cells  are 
in  darkness  or  in  sunlight.  I  also  have  cells  which  are  sensitive 
to  light,  but  are  unaffected  by  change  of  battery  power,  or  by 
reversing  the  direction  of  the  current  through  them. 

The  sensitiveness  to  change  of  battery  power  is  also  independent 
of  the  sensitiveness  to  reversal  of  direction  of  the  current. 
Among  the  best  ^^L  B  cells,"  some  are  ^^anode  cells"  and  others 
are  "cathode  cells,"  while  still  others  are  absolutely  insensitive  to 
reversal  of  cun*ent,  or  to  the  action  of  light. 

Constancy  of  the  resistance.  A  noticeable  point  in  my  cells  is 
the  remarkable  constancy  of  the  resistance  in  sunlight.  Allowing 
for  differences  in  the  temperature,  the  currents,  and  the  light,  at 
different  times,  the  resistance  of  a  cell  in  sunlight  will  remain 
practically  constant  during  months  of  use  and  experiments,  al- 
though during  that  time  the  treatments  received  may  have  varied 
the  resistance  in  dark  hundreds  of  thousands  of  ohms, — sometimes 
carrying  it  up,  and  at  others  carrying  it  down  again,  perhaps 
scores  of  times,  until  it  is  "matured"  or  reaches  the  condition  in 
which  its  resistance  becomes  constant. 

As  has  already  been  stated,  the  sensitiveness  of  a  cell  to  light  is 
increased  by  proper  usage.  This  increased  sensitiveness  is  shown, 
not  by  a  lowered  resistance  in  light,  but  by  an  increased  resistance 
in  dark.  This  change  in  the  cells  goes  on,  more  or  less  rapidly, 
according  as  it  is  retarded  or  favored  by  the  treatment  it  receives, 
until  a  maximum  is  reached,  after  which  the  resistance  remains 
practically  constant  in  both  light  and  dark,  and  the  cell  is  then 
"matured"  or  finished.  The  resistance  in  dark  may  now  be  50  or 
even  100  times  as  high  as  when  the  cell  was  first  made,  yet,  when- 
ever exposed  to  sunlight  it  promptly  shows  the  same  resistance 
that  it  did  in  the  beginning.    The  various  treatments,  and  even 
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accidents,  through  which  it  has  passed  in  the  meantime,  seem  not 
to  have  stirred  its  molecalar  arrangement  under  the  action  of 
light,  but  to  have  expended  their  forces  in  modifying  the  positions 
which  the  molecules  must  normally  assume  in  darkness. 

Practical  applications.  There  are  many  peculiarities  of  action 
occasionally  found,  and  the  causes  of  such  actions  are  not  always 
discernible.  In  practice,  I  have  been  accustomed  to  find  the 
peculiarities  and  weaknesses  of  each  cell  by  trial,  developing  its 
strongest  properties  and  avoiding  its  weaknesses,  until,  when  the 
cell  is  finished,  it  has  a  definite  and  known  character,  and  is  fitted 
for  certain  uses  and  a  certain  line  of  treatment,  which  should  not 
be  departed  from,  as  it  will  be  at  the  risk  of  temporarily  disabling 
it.  In  consequence  of  the  time  and  labor  expended  in  making 
cells,  in  the  small  way,  testing,  repairing  damages  done  during  ex- 
periments, etc.,  the  cost  of  the  cells  now  is  unavoidably  rather  high. 
But  if  made  in  a  commercial  way  all  this  would  be  reduced  to  a 
system,  and  the  cost  would  be  small.  I  may  say  here  that  I  do  not 
make  cells  for  sale. 

The  applications  or  uses  for  these  cells  are  almost  innumerable, 
embracing  every  branch  of  electrical  science,  especially  telegraphy, 
telephony  and  electric  lighting,  but  I  refrain  from  naming  them. 
I  may  be  permitted,  however,  to  lay  before  you  two  applications, 
because  they  are  of  such  general  scientific  interest.    The  first  is  my 

Photometer.  The  light  to  be  measured  is  caused  to  shine  upon 
a  photo-electric  current-generating  cell,  and  the  current  thus  pro- 
duced flows  through  a  galvanometric  coil  in  circuit,  whose  index 
indicates  upon  its  scale  the  intensity  of  the  light.  The  scale  may 
be  calibrated  by  means  of  standard  candles,  and  the  deflections 
of  the  index  will  then  give  absolute  readings  showing  the  candle- 
power  of  the  light  being  tested.  Or,  the  current  produced  by 
that  light  and  that  produced  by  the  standard  candle  may  be  com- 
pared, according  to  any  of  the  known  ways  of  arranging  and 
comparing  diflierent  lights, — the  cell  being  lastly  exposed  alternate- 
ly to  the  two  lights,  to  see  if  the  index  gives  exactly  the  same 
deflection  with  each  light. 

This  arrangement  leaves  untouched  the  old  diflSculty  in  photom- 
etry, that  arising  from  the  different  colors  of  different  lights. 
I  propose  to  obviate  that  difficulty  in  the  following  manner. 
As  is  well  known,  gold  transmits  the  green  rays,  silver  the  blue 
rays,  and  so  on ;  therefore,  a  cell  faced  with  gold  will  be  acted 
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upon  by  the  green  rays,  one  faced  with  silver  by  the  blue  rays,  etc. 
Now  if  we  construct  three  cells  (or  any  other  number),  so  faced 
that  the  three,  collectively,  will  be  acted  upon  by  all  the  colors, 
and  arrange  them  around  the  light  to  be  tested,  at  equal  distances 
therefrom,  each  cell  will  produce  a  current  corresponding  to  the 
colored  rays  suited  to  it,  and  all  together  will  produce  a  current 
corresponding  to  all  the  rays  emitted  by  the  light,  no  matter  what 
the  proportions  of  the  different  colors  may  be.  The  three  currents 
may  act  upon  the  same  index,  but  each  should  have  its  own  coil, 
not  only  for  the  sake  of  being  able  to  join  or  to  isolate  their  in- 
fluences upon  the  index,  but  also  to  avoid  the  resistances  of  the  other 
cells.  If  a  solid  transparent  conductor  of  electricity  could  be 
found  which  could  be  thick  enough  for  practical  use  and  yet  would 
transmit  all  the  rays  perfectly,  t.e.,  transmit  white  light  un- 
changed, that  would  be  still  better.  I  have  not  yet  found  a  satisfac- 
tory conductor  of  that  kind,  but  I  think  the  plan  stated  will  answer 
the  same  purpose.  This  portion  of  my  system  I  have  not  prac- 
tically tested,  but  it  appears  to  me  to  give  good  promise  of  remov- 
ing the  color  stumbling-block  which  has  so  long  defied  all  efforts 
to  remove  it,  and  I  therefore  offer  it  for  your  consideration. 

.Photo-electric  regulator.  My  regulator  consists  of  a  cuiTcnt- 
generating  cell  arranged  in  front  of  a  light,  say,  an  electric  lamp 
whose  light  represents  the  varying  strength  of  the  current  which 
supports  it.  The  current  produced  in  the  cell  by  this  light  flows 
through  an  electro-magnetic  apparatus  by  means  of  which  mechan- 
ical movement  is  produced,  and  this  motion  is  utilized  for  chang- 
ing resistances,  actuating  a  valve,  rotating  brushes,  moving  switches, 
levers,  or  other  devices.  This  has  been  constructed  <^n  a  small 
scale  and  operates  well,  and  I  think  it  is  destined  to  be  largely 
used,  as  a  most  sensitive,  simple  and  perfect  regulator  for  currents, 
lights,  dynamos,  motors,  etc.,  etc.,  whether  large  or  small. 

In  conclusion,  I  would  say  that  the  investigation  of  the  physical 
properties  of  selenium  still  offers  a  rare  opportunity  for  making 
very  important  discoveries.  But  candor  compels  me  to  add  that 
whoever  undertakes  the  work  will  find  it  neither  an  easy  nor  a 
short  one.  My  own  experience  would  enable  me  to  describe  to 
you  scores  of  curious  experiments  and  still  more  curious  and 
suggestive  results,  but  lack  of  time  prevents  my  giving  more  than 
this  very  incomplete  outline  of  my  discoveries. 
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RSLATION  BETWEEN    THE     ELECTROMOTIVE     FORCE  OF    A    DaNIBLL 
CELL     AND     THE    STRENGTH   OF  THE   ZINC   SULPHATE   SOLUTION. 

By  Prof.  H.  S.  Cauhart,  N.  W.  University,  Evanston,  III. 

[▲BSTRAOT.I] 

This  investigation  was  carried  out  in  the  physical  laboratory  of 
the  university  in  Berlin.  The  electromotive  force  was  measured 
by  the  compensation  method  of  Poggendorff.  The  two  poles  of 
the  battery  ul  to  be  measured  are  connected  with  two  points  on 
a  second  circuit  containing  a  batteTy  B  of  higher  electromotive 
force  than  A.  The  resistance  between  the  points  is  then  varied 
till  no  current  flows  through  the  circuit  of  battery  A.  The  differ- 
ence of  potential  between  the  two  points  common  to  the  two  cir- 
cuits is  then  equal  to  the  electromotive  force  to  be  measured.  By 
Ohm's  law  the  product  of  the  resistance  between  the  two  points 
and  the  current  flowing  through  the  main  circuit  equals  the  elec- 
tromotive force  of  the  battery  A. 

The  current  was  measured  by  a  silver  voltameter  with  pure 
nitrate  of  silver.  The  resistance  employed  was  in  Siemens'  units. 
The  deposition  of  silver  in  a  silver  cup  was  continued  ten  min- 
utes with  a  current  of  slightly  over  one-tenth  of  an  ampere.  The 
cup  was  then  washed  with  great  care,  dried  in  a  hot-air  chamber, 
and  weighed  after  cooling,  fractions  of  milligrams  being  obtained 
by  taking  the  swing  of  the  pointer. 

The  cell  to  be  measured  consisted  of  a  17  tube,  the  bend 
being  much  smaller  than  the  two  branches,  the  form  being  that 
employed  by  Kohlrausch  in  measuring  the  resistance  of  electro- 
lytes. The  lower  portion  of  the  tube  was  first  filled  with  a  satu- 
rated solution  of  zinc  sulphate ;  copper  sulphate  was  then  added 
to  one  branch  and  a  percentage  solution  of  zinc  sulphate  to  the 
other,  the  surface  of  separation  between  the  two  adjacent  solu- 
tions being  sharp  in  each  case.  No  perceptible  diffusion  of  the 
solutions  took  place  during  the  time  required  for  the  measurement 
of  the  current. 

The  following  condensed  table  exhibits  the  results : 
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\t,v»iU\h..\KsVi  s^k'  *^VTO0IU™iC  DRT  PLATES.      By  Wm.  H.  PiCK- 

t«Mv.,  Vi:4ciJi.  lu^t.  of  Teohnology,  Boston,  Mass. 

[▲ilSTRAOT.] 

i%;u  v«'m\1  s^i' ihU  r^^aeaivh  was  to  determine  the  sensitiveness 
I.    v.«  uM.^  K(u<l>i  of  dry-plates  on  an  absolute  scale,  and  to 
K  14   v  i  ai.t  sU'  %h\>  ^u»ltiveness  of  pure  silver  chloride.    The 
•  .\     .  !•  .1.  c\(K'^^vh1  iu  a  box  one  meter  in  length  having  an 
X    t  «  "i  s'ui     IU  diameter  at  one  end.     It  is  exposed  under 
.«  .  .  I  «y.«'v  \'t  ii^:4uv'  (^vaper  to  the  light  from  the  blue  sky  in 
I    vu  ^  viv  halo  UiU0,  say  eight  minutes.    The  plates  to 
.IV  i'»N  u  \u^  up  \x\  «anx)w  strips,  and  exposed  under  the 
.x^    i  4um'.-n^  .^^'vvUu*^  (.05  cm.  in  diameter)  for  a  shorter 
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time,  say  80  seconds.  The  last  degi*ees  of  the  scale  as  printed  on 
the  chloride,  and  photographed  on  the  plates,  are  then  noted  and 
the  relative  amount  of  light  received  in  the  two  cases  compared, 
thus  giving  the  absolute  sensitiveness  of  the  plates  in  terms  of  the 
sensitiveness  of  the  chloride.  The  observations  were  repeated 
using  gas-light  as  a  source  of  illumination,  and  it  was  found  that 
those  plates  most  sensitive  to  daylight  were  in  several  cases  the 
least  so  to  gaslight. 


Fhotographt  of  the  infra-red  region  of  the  spectrum.    By 
Wk.  H.  Pickering,  Mass.  Inst,  of  Technology,  Boston,  Mass. 

[ABSTRACT.] 

In  the  investigation  described  below,  ordinary  gelatine  dry 
plates  were  employed.  It  was  soon  found,  however,  that  some 
kinds  were  much  more  suitable  for  this  purpose  than  others. 
Walker  Reid  and  Inglis,  and  Allen  and  Bowell  plates,  being  those 
which  gave  the  best  results.  With  an  ordinary  spectroscope,  with 
one  flint  glass  prism,  there  is  no  difficulty,  by  concentrating  the 
light,  in  photographing  as  far  below  A,  as  A  is  below  D  on  the 
prismatic  spectrum,  or  to  w.  1.  11300.  In  order  to  do  this  one 
need  only  place  two  pieces  of  red  glass  before  the  slit  and  give  a 
sufficient  exposure.  It  is  well  to  paint  the  back  of  the  plate  black, 
to  avoid  the  halo  produced  by  the  brighter  portions  of  the  spec- 
trum. By  using  a  four  inch  prism,  and  camera  lens,  the  latter  of 
about  twelve  inches  focus,  one  may  reach  a  wave  length  of  18800 
in  about  ten  minutes.  By  using  a  wide  slit  of  about  15'  angular 
aperture  the  A  line  may  be  photographed  in  about  a  third  of  a 
second,  and  a  few  seconds  more  is  sufficient  to  cause  the  spectrum 
in  the  neighborhood  of  the  C  line  to  reverse  and  become  nearly 
transparent. 


Thunderstorms  and  their  relations  to   "LOW."      By  Prof. 
Henrt  a.  Hazen,  O.  C.  S.  O.,  Washington,  D.  C. 

[ABSTRACT.M 

Prof.  Tait's  views  as  to  the  origin  of  atmospheric  electricity. 
The  work  of  Palmieri  in  Italy  and  of  Bezold  in  Bavaria ;  especially 

^  Presented  by  permission  of  the  Chief  Signal  Officer  of  the  Army. 
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in  determining  the  general  distribution  of  thanderstorms  on  any 
day  and  the  laws  governing  their  origin,  development  and  progress. 

The  great  advantage  this  country  offers  for  such  study.  The 
special  investigations  begun  ii^January  of  this  year  and  continued 
to  the  present  time.    Results. 

A  study  of  the  storms  of  May  17-20  leads  to  the  following  con- 
clusions : 

1.  Hail  falls  occurred,  with  relatively  low  pressure  at  a  storm 
centre,  in  the  region  to  the  southeast  of  ^^  LOW  "and  at  distances 
of  about  250  miles. 

2.  Thunderstorms  were  also  mostly  in  the  same  region  but  at 
distances,  on  the  average,  of  450  miles.  In  cases  where  these  oc- 
curred to  the  west  and  northwest  of  "  LOW,"  they  were  sporadic 
and  of  little  intensity. 

3.  In  this  region  the  winds  were  gentle  and  southerly. 

4.  In  many  instances  there  was  a  furious  gust  of  wind  from  the 
west  immediately  preceding  the  storm,  an  increase  of  eight  and  ten 
times  the  previous  velocity  in  a  few  minutes. 

5.  In  a  few  cases  where  the  barometer  was  frequently  read  it 
was  found  to  indicate  a  rather  sudden  increase  in  pressure  as  the 
storm  came  up. 

6.  The  intensity  was  greatly  diminished  at  nightfall  and  again 
increased  the  day  following. 

7.  The  velocity  at  which  the  storms  travelled  from  west  to  east, 
spreading  somewhat  in  a  fen  shape,  was,  on  May  19,  from  10  a.  m. 
to  8  p.  M.,  37  miles  per  hour ;  from  3  p.  m.  to  10  p.  m.,  38  miles 
per  hour,  while  the  velocity  of"  LOW"  was  23  and  10  miles  per 
hour,  respectively. 

This  seems  to  show  that  the  relation,  if  there  be  one,  is  with  the 
general  disturbance  rather  than  with  its  centre  and  that  the  forces 
which  determine  the  formation  and  progress  of  thunderstorms  are 
in  a  manner  independent  of  those  acting  in  the  "LOW"  itself. 

Is  this  greater  velocity  of  thunderstorms  than  of  "LOW,"  due 
to  their  distance  from  the  centre  and  a  consequent  greater  circum- 
ferential motion  ? 
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Notes  on^agoustics.    By  Prof.  Chas.  R.  Cross,  Mass.  Institute 
of  Technology,  Boston,  Mass. 

[ABSTRACT.] 

I.  Qv^ality  of  sound  as  related  to  Change  of  Phase.  When  an  in- 
duction coil  is  ased  in  telephony  there  is  of  course  a  aifference  of 
phase  of  a  quarter  of  a  wave*length  between  the  electrical  undula- 
tion in  the  primary  and  that  in  the  secondary  circuit  owing  to  the 
action  of  the  induction  coil.  Hence,  if  any  complex  musical  sound 
is  transmitted  by  such  an  apparatus  there  is  a  great  change  in  the 
phase-relations  among  the  partial-tones  of  the  note.  If  the  qual- 
ity were  to  be  noticeably  altered  by  such  a  change  there  should  be 
a  perceptible  difference  in  quality  between  the  sound  heard  in 
two  receiving  telephones,  one  in  the  primary  and  the  other  in  the 
secondai'y  circuit  of  an  induction  coil  connected  up  in  the  ordinary 
manner  with  a  microphone  or  other  transmitter.  No  differences 
of  this  kind  have  been  perceived  either  with  the  tones  of  such  mu- 
sical instruments  I  have  transmitted,  or  with  the  voice.  By  suit- 
ably adjusting  the  resistance  of  the  two  telephone  receivers  even 
the  loudness  of  the  sounds  heard  in  the  two  circuits  caYi  be  made 
identical.  There  is  no  perceptible  change  of  phase  from  self-in- 
duction in  the  simple  circuit  described. 

II.  Remarks  on  a  Point  in  Helmholt^s  Theory  of  Consonance 
and  Dissonance*  Helmholtz  considers  beats  to  be  due  to  an  inter- 
ference of  vibrations  in  the  vibrating  parts  of  the  inner  ear,  and 
assumes  that  no  two  sounds  can  produce  beats  unless  the  interval 
between  them  is  so  small  that  they  both  affect  the  same  vibrating 
part  of  the  inner  ear.  In  addition  to  Koenig's  experimental  dis- 
proof of  the  supposition  that  notes  cease  to  beat  when  their  inter- 
val is  considerable,  the  view  of  Helmholtz  as  to  the  ph3'8iologi- 
cal  action  in  the  ear  is  in  opposition  to  certain  undoubted  facts  of 
audition.  Beats  may  occur  either  between  a  sound  and  the  after 
sensation  of  a  previous  sound,  and,  still  more,  between  two  sounds 
acting  only  upon  opposite  ears.  The  latter  fact  I  have  confirmed 
by  observing  the  beats  between  mistuned  unisons  and  other  mistuned 
intervals  given  by  two  tuning-forks ;  one  acting  directly  upon  one 
ear,  and  the  other  transmitted  by  telephone  to  the  other  ear.  The 
beating  with  the  after  sensation  shows  that  unless  the  after-sensa- 
tion itself  is  due  to  persistence  in  vibration  of  the  vibrating-  parts 
(which  is  certainly  not  the  fact)  the  discussion  of  Helmholtz  is  in- 
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complete.  This  view  is  still  farther  confirmed  by  the  production 
of  beatft  from  the  excitation  of  separate  ears.  There  must  be  a 
deeper  action  than  that  considered  by  Helmholtz,  a  kind  of  inter- 
ference in  the  sensorium  itself  instead  of,  or  rather,  in  addition  to, 
the  interference  of  vibrations  in  the  inner  ear. 

III.  Intensity  of  Sound  as  related  to  Amplitude  of  Vibration. 
In  tiie  ordinary  statement  that  the  intensity  of  sound  is  propor- 
tioned to  the  square  of  the  amplitude  of  vibration,  a  proposition 
that  has  of  late  been  clearly  recognized  as  applying  in  any  case 
only  to  sounds  of  the  same  pitch,  the  complexity  of  the  relation  be- 
tween the  intensity  of  the  vibration  exciting  the  ear,  and  the  re- 
sulting sensation  has  been  universally  lost  sight  of.  Probably, 
though  not  certainly,  the  Fsychophysic  Law  of  Fechner  applies  to 
intensity-variations,  and  the  sensation  certainly  does  not  increase 
as  rapidly  as  the  exciting  cause.  Hence,  in  strictness,  we  cannot 
assume  the  ordinary  statement  to  be  accurately  true  except  in  ap- 
plying it  to  objective  sound.  It  is  a  mechanical  rather  than  an 
aural  measure  of  the  intensity,  that  we  assume. 

Also  in  the  diminution  of  intensity  with  increase  of  distance,  the 
sensation  must  diminish  less  rapidly  than  the  law  of  inverse  squares 
would  lead  us  to  suppose. 

IV.  On  a  Musical  Application  of  the  Principle  of  Fatigue.  In 
the  so-called  ^'  Voix  celeste  "  stop  in  cabinet  organs  a  tremolo  is 
produced  by  calling  into  play  two  sets  of  reeds  just  out  of  unison 
with  each  other,  which  make  slow  beats  with  each  other  and  with 
the  notes  produced  on  other  stops  in  use  at  the  same  time.  Be- 
sides this,  there  is  a  remarkable  strengthening  of  the  whole  body 
of  tone  from  the  instrument.  This  seems  to  arise  from  the  increased 
average  intensity  of  the  sensation  due  to  the  alternate  increase 
and  decrease  of  sound,  which,  however,  with  the  slow  beats  used,  is 
not  so  great  as  to  become  harsh  and  painful. 


On  a  proposed  method  for  ascertaininq  the  least  number  of 

VIBRATIONS  necessary  TO  DETERMINE  PITCH.      By  Prof.  ChAS. 

R.  Cross,  Mass.  Institute  of  Technology,  Boston,  Mass. 

[ABSTRACT.] 

The  methods  hitherto  used  for  this  purpose  are  all  of  them 
defective  for  the  reason  that  the  vibrations  produced  are  complex 
in  their  nature  instead  of  being  pendular.    In  the  method  proposed 
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pendalar  vibrations  are  employed.  Two  magnetic-telephones  are 
connected  up  with  each  other  in  the  usual  manner,  and  a  circuit- 
making  wheel  with  a  single  radial  metallic  strip  is  interposed,  so 
that  by  the  rotation  of  the  wheel  the  circuit  shall  remain  closed 
for  a  short  interval,  which  can  be  determined  by  the  rapidity  of 
rotation.  If  the  sound  of  a  tuning-fork  giving  pendular  vibrations 
is  transmitted  through  the  circuit  a  greater  or  less  number  of 
these  vibrations,  or  even  a  fractional  part  of  a  single  one,  can  be 
caused  to  act  upon  the  ear.  Suitable  precautions  are  taken  to 
avoid  the  production  of  extraneous  sounds  in  the  circuit  itself.  A 
properly  adjusted  microphone  transmitter  with  an  induction  coil 
may  be  substituted  for  the  magneto-transmitter,  the  circuit-making 
wheel  being  placed  in  the  secondary  circuit. 


Upon  ▲  generator  in  use  at  Cornell  University  for  produ- 
cing OXYGEN  AND   HYDROGEN   GAS   BY  MEANS   OF    THE  DYNAMO 

MACHINE.      By  Prof.  Wm.  A.  Anthony,  Cornell  University, 
Ithaca,  N.  Y. 

[ABSTRACT.] 

The  generator  which  forms  the  subject  of  this  paper  has  now 
been  in  use  for  more  than  three  years  at  the  Cornell  University 
with  such  good  results  that  it  is  deemed  worth  while  to  give  some 
account  of  it.  The  generator  consists  of  twelve  cells,  each  cell 
being  essentially  a  U  tube  of  white  earthen  ware  with  suitable  open- 
ings for  introducing  the  electrodes  and  for  replenishing  the  fluid. 
The  electrodes  are  of  platinum  foil  2^X^  inches,  attached  to  the 
ends  of  lead  tubes  which  serve  at  the  same  time  for  conveying  the 
current  and  delivering  the  gas.  The  openings  are  stopped  by 
paraffined  corks,  and  the  tubes  from  the  several  cells  are  connected 
to  the  general  delivery  tubes  (of  lead)  in  the  same  way.  The 
twelve  cells  are  connected  electrically  in  series. 

In  an  experiment  to  determine  the  maximum  amount  of  gas  to 
be  obtained  by  the  power  at  command  (about  5  H.  P.)  the  result 
was  as  follows : 

Amount  of  both  gases  evolved  in  three  hours  544.8  litres,  or 
.00226  grms.  per  cell  per  second.    This  would  correspond  to  24.49 
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amperes,  while  a  large  tangent  galvanometer  indicated  25.22. 
The  discrepancy  is  not  surprising  as  the  amount  of  gas  was  deter- 
mined by  measuring  the  rise  of  the  gasholders,  four  feet  in  diam- 
eter, in  which  the  gas  was  collected,  a  measurement  not  calculated 
to  give  very  great  accuracy. 

The  E.  M.  F.  employed  was  123.08  volts,  and  the  energy  em- 
ployed 8104.08  watts. 

The  useful  energy  represented  by  the  gases  generated  was  429 
watts,  and  the  efficiency  13.8  per  cent.  This  is  a  small  eAciency, 
but  it  is  evident  that  it  might  be  much  increased  for  the  same  ap- 
paratus by  using  less  energy  per  second,  and  producing  gas  less 
rapidly.  In  another  experiment  in  which  only  three-fourths  as 
much  gas  per  hour  was  obtained,  the  usual  rate  of  running  the  ap- 
paratus, the  efficiency  was  twenty-four  per  cent.  The  resistance  of 
the  cells  might  be  much  diminished  and  their  efficiency  increased  by 
using  in  place  of  the  U  tube,  a  vessel  with  a  porous  partition  ex- 
tending to  near  the  bottom.  The  part  of  the  partition  above  the 
liquid  could  be  glazed  ;  but  even  if  it  were  not,  there  would  be  no 
appreciable  mixture  of  the  gases  through  it,  since  it  would  be  al- 
ways wet. 


Deterkination    of   thb    ooeffioiemt    of    bxpaksiom    of   the 

SPECCLUM   METAL   USED   FOR   RoWLAND'S   GRATINOS.      By  Prof. 

Wm.  a.  Rogers,  Harvard  Observatory,  Cambridge,  Mass. 

[ABSTRACT.] 

The  coefficient  of  the  speculum  metal  cast  by  Mr.  Brashear  with 
the  components  given  by  Professor  Rowland,  and  determined 
in  this  paper,  was  derived  from  a  half  yard  and  half  meter  bar 
prepared  for  Professor  Wead  of  Michigan  University. 

The  comparisons  were  made  as  follows ; 

(a)    With  the  steel  screw  of  dividing  engine. 
(6)*  With  bronze  meter  R, 
(c)»  With  steel  meter  Rg 

*  S«e  Proceedings  Amerioan  Academy  Vol.  ZVni,  p.  3b9. 
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The  following  results  were  obtained. 

From  steel  screw.     FromBi     FromBg. 
Absolute  eoSffioIent  10.66m  17.17^  10.27al 

Belatiye  coefficient  for  specnlnm  metal  +7>86  +0.89  +7.70 


Absolute  ooSfflcient  for  speculum  metal  18.03  17.99  17.97 

The  absolute  coefficient  of  this  particular  piece  of  metal  is 
therefore  17.99^  for  each  degi-ee  Centigrade. 


ADDmONAL    OBSERVATIONS    C0NFIBMIN6    THE    RELATION: 

MBTBE     DES    ABCHIVES  =  IMPERIAL    TARD  -|-  8.87027    INCHES. 

By  Prof.  William  A.  Rogers,  Harvard  Observatory,  Cam- 
bridge, Mass. 

[ABSTRACT.] 

Since  the  determination  of  the  relation  between  the  yard  and 
the  meter,  communicated  to  the  Association  at  the  Minneapolis 
Meeting,  additional  data  bearing  upon  the  subject  have  been  ob- 
tained. It  will  be  remembered  that  the  relation  was  derived  from 
a  yard  and  meter  laid  off  upon  a  bar  of  bronze  having  the  same 
form  and  dimensions  in  cross  section  as  the  Imperial  yard. 

A  5  G 

Representing  the  yard  by  the  line  AB^  and  the  meter  by  the  line 
-4(7,  the  operation  consisted :  — 

(a)  In  the  determination  of  the  length  oi  AG  \n  terms  of  the 
Metre  des  Archives,  Ao  through  a  comparison  with  a  meter  upon 
cppper  traced  and  standardined  by  Tresca  and  with  a  meter  upon 
brass  belonging  to  the  Stevens  Institute  and  compared  with  Type 
I  of  the  International  Bureau  of  Weights  and  Measures  at  Breteuil 
by  Dr.  Benoit. 

(&)  In  the  determination  of  the  length  of  AB  in  terms  of  the 
Imperial  Yard  through  comparisons  with  ^^Bronze  11  '*  belonging  to 
the  United  States  Coast  Survey  and  with  a  3'ard  upon  brass  belong- 
ing to  the  Stevens  Institute  which  has  been  compared  directly  with 
the  Imperial  Yard  by  Mr.  Chancy,  Warden  of  the  Imperial 
Standicrds. 


•  ''v    olu»!iuk».:\^u  ,*i*  5C  ia  t«nns  of  either  AB  or  AC. 

.vi    ..^^    :-t><ciK^:u^  tcl.^virtg  additional  data  have  been 


.w..    V. 


V  *  V. 


M     I.     K^i'vt   Siuviitf*  ia  Metarology,  Proceedings  of  the 
,    ,    ..w    Vvv%v»v'xi.j. .  ^ oi.  XYlU^p.  382,  the  following  relations 

'  V ...  V  .>.»...  .V4>x>u  v>4  :h^  brwixe  metre  B,  and  the  steel  meter 
\    .     .     .V    V;v>«.\i  :ucu«  l\  dif^i^ating  the  metre  des  Archives 

R/  —  A^  =  —3.2m. 
K«''  —  A^  =  +1.5jtt. 

...^  v^^t^l^u  kA'  the  metres  Rj  and  Rj  with  the  Stevens 

Ri^*  --  A>  =  —2.5pL. 
K,^*  -^  A^  =  +l.lfi. 

.    N.  X    ^    .ic  .witiciuuts  ot  expansion  for  the  bars  T,  C  S, 
v^     ...    ^.^...^.  ^  ^» vtru  Ott  page  380,  viz. : 

vv   u     switici^ttUW  l^C.  =  16.18jti. 
Vs  .  X  ^"        .%    •*    =  n.eOfi. 

>..    ^.  -        *.     u    —  i7.17/£. 

,      s    uvsi  i  C  S  W5W  derived  from  the  provisional 

s  X  .^  /v.   f  3tlO,0.u  =  Ao. 

.\^/v«;iAls^  of  this  metal  determined   at 

Svv.    s^«.i4*i.«  Nv^ii<«\l  at  the  time  of  the  publication 

v..^   *K.v»<;sv\  v^vssary  to  use  the  value  given 

u    *w    vvsUnU^mx   to  16.67**  C.  or  to  62.0° 

KNNs'v'.  .''V***  i^^^  Pernet  not  only  the  exact 

Nv  ,-N.M  ^  >  *.'vt  t\|>el  of  the  Bureau,  but  also 

^    o>,   ^wiri^t'V*^  ftwr  this  bar.    The  following 

,   .  .v^.-ori  .V  t  >  -  '*"-*^.«»  foJ^  «ach  degree  C. 
V  .,   v?i'^^'^^  ^'^    <^''*^  originally  employed,  we 


V  » 


»       « 
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From  the  Tresca  meter,  It,**  —  Aq  =  +1.5jot. 
From  meter  C  S,  [Rogers,]  Eg**  —  Aq  =  -{-1.1  fi. 
From  meter  C  S,  [Benoit,]    Ra*'  —  Aq  =-{-2.3/1. 

(5)  In  the  reduction  of  the  comparisons  of  the  yard  Rg*  with 
"Bronze  11,"  the  relation 

"  Bronze  11 "  +  .000088  inch  =  Imperial  Yard, 
as  determined  by  Hilgard  and  Chaney,  was  employed.     From 
the  Report  of  the  Standard  Department  for  1883,  it  appears  that 
Pierce  found  the  relation 

"  Bronze  11 "  +  .0000022  inch  z=  Imperial  Yard. 

Substituting  the  latter  relation  for  the  former,  I  find : 
From  mean  of  observations  by  Mr.  Edwin  Smith  and  myself, 

Ra*'  —  0.2^1  =  Imperial  Yard. 

From  the  relation  between  C  S  and  the  Imperial  Yard  given  by 
Mr.  Chaney, 

R,»  —  O.dpL  =  Imperial  Yard. 

(c)  For  the  determination  of  the  distance  BC  a  combined  decim- 
eter and  four-inch  space  have  been  laid  off  upon  speculum  metal. 

The  fourth  inch  is  subdivided  to  tenths  of  inches  and  the  fourth 
tenth  is  subdivided  to  thousandths  of  an  inch.  The  decimeter  is 
subdivided  to  centimeters.  The  eighth  centimeter  is  subdivided 
to  tenths  and  the  fifth  tenth  is  subdivided  to  hundredths  of  milli- 
meters. 

The  preliminary  measures  by  means  of  this  auxiliary  scale  give 
a  result  slightly  less  than  the  value  found  in  1883.  The  observa- 
tions will  be  repeated  several  times  before  the  final  result  will  be 
announced. 

So  far,  the  effect  of  these  additional  data  has  been  to  diminish 
slightly  the  value  of  3.37027  inches,  but  the  final  result  cannot 
fall  below  the  relation  first  announced,  viz.,  3.37015  inches. 
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A  METHOD  FOR  THE  PRACTICAL  EXAMINATION  OF  RAILWAY  EMPLOY- 
ES AS  TO  COLOR  BLINDNESS,  ACUTENE8S  OF  VISION  AND  HEAR- 
ING, WITH  THE  RESULTS  OBTAINED   BY  IT  ON  THE  PENNSYLVANIA 

RAILROAD.    By  William  Thomson,  M.D.,  Prof,  of  Ophthal- 
mology, Jefferson  Medical  College,  Philadelphia,  Pa. 

Shortly  after  the  demonstrations  of  Prof.  Holmgren  in  Sweden 
of  the  dangers  in  transportation  to  peraons  and  property  on  land 
and  sea  from  color-blindness,  the  writer  called  the  attention  of  the 
officers  of  the  Pennsylvania  R.R.  to  the  subject ;  and  at  the  request 
of  the  President  Mr.  Thos.  A.  Scott,  and  the  Vice  President 
Mr.  Frank  Thomson,  he  undertook  to  solve  the  problem  of  eliminat- 
ing these  dangerous  men  from  their  services.  To  his  first  statement 
that  there  were  probably  four  per  cent  of  men  incapable  of  distin- 
guishing unerringly  between  red  and  green  flags  by  day,  or  lights  by 
night,  it  was  responded  that  their  signals  alone  would  detect  such 
men,  and  force  them  from  their  places,  since,  as  we  all  know,  the 
most  imperative  orders  in  railway  administration  are  transmitted 
through  the  visual  organs,  in  the  White  of  ^'Safety"  the  Green  of 
"Caution",  and  the  Red  of  "Danger",  and  it  was  considered  by 
the  officers  of  the  road  impossible  for  men  color  blind  to  pass  the 
thousands  of  signals  in  daily  use  on  their  thousands  of  miles  of 
road  without  detection.  A  very  slight  search  dispelled  this  idea, 
and  a  demonstration  of  the  defect  before  the  Society  of  Trans- 
portation Officers  of  the  Pennsylvania  Railroad  aroused  the 
members  of  it  to  the  dangers  to  be  feared,  and  led  to  the  appoint- 
ment of  a  special  committee  to  aid  the  writer  in  completing  a 
system  which  would  have  practicable  value,  with  the  General 
Manager  Mr.  Pugh,  as  its  Chairman,  to  whose  keen  interest  much 
of  its  success  now  is  due. 

The  magnitude  of  the  task  then  began  to  appear,  when  the 
forty  or  fifty  thousand  employes  of  five  thousand  miles  of  track, 
with  their  ten  or  twelve  thousand  men  actually  dependent  upon 
signals  of  color  for  their  guidance,  of  whom  four  per  cent  might 
be  color  blind,  and  ten  per  cent  so  defective  in  visual  power  for 
form,  and  hearing,  as  to  render  them  dangerous,  arose  before  the 
imagination.  To  have  adopted  the  method  of  Holmgren,  by 
which  an  accomplished  ophthalmic  surgeon  would  conduct  the 
examination  of  each  man,  would  have  demanded  years  of  his  entire 
time,  would  have  been  so  tardy  as  to  allow  large  additions  to  the 
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force  before  it  conid  be  lusoompIiBhed,  and  was  soon  rejected  as  im- 
practicable ;  neither  waa  it  thought  posBible  to  train  a  snfficient 
Dumber  of  the  company's  surgeons  to  perform  this  special  task  with 
fairness  to  the  men,  and  safety  to  the  oompany. 

To  secure  the  cooperation  of  the  employes,  the  ofScers  needed 
a  system  that  could  be  applied  locally  on  each  division  quietly  and 
confidentially,  and  at  the  convenience  of  the  men,  without  com- 
pelling  tbem  to  lose  mncb  time.  Any  undue  publicity  or  inexor- 
able law  that  would  compel  the  summary  discbai^  of  fVom  ten 
to  fifteen  percent  of  their  trained  operatives  would  have  disorgan- 
ized the  service,  and  destroyed  the  discipline  of  the  company ; 
and  for  their  own  protection  and  as  a  duty  to  the  public  the 
officers  were  willing  to  put  on  trial  any  practicable  scheme,  without 
the  pressure  of  any  over-anxious  public  opinion  or  hostile  legisla- 
tion. 

These,  and  other  considerations  of  weight,  led  the  writer  to  the 
invention  of  an  instrument  (Fig.  l)forthe  examination  of  the  color 
sense  which  could  be  efficiently  used  by  any  intelligent  instructed 
official,  and  a  record  of  it  permanently  kept  for  the  information  of 
the  officers,  and  as  a  guide  for  the  action  of  any  surgical  expert 


'6  OOLOB  TBIT. 

whom  the  road  might  appoint  to  saperintend  the  entire  system. 
Tbis  consists  of  forty  skeins  of  wool,  each  one  attached  to  a  but- 
ton, having  the  figures  from  one  to  foi-ty  inscribed  on  them,  sus- 
pended from  two  flat  sticks,  so  arranged  that  the  numbers  are 
concealed.  Holmgren's  methwl  of  matching  colors  is  adhei-ed  to, 
and  the  test  colors  to  be  matched  are  green,  rose,  and  red  ;  the 
skeins  firom  one  to  twenty  being  used  for  green,  those  from  twenty- 
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one  to  thirty  for  rose  and  from  thirty-one  to  forty  for  red ;  npon  the 
odd  numbers  are  suspended  green,  rose,  and  red  skeins,  upon  the 
even  ones  those  ''confusion  colors''  which  the  experience  of  the 
writer  had  taught  him  would  be  the  most  likely  to  be  selected  by 
the  color  blind.  In  its  tise  a  green  skein  is  placed  before  the  per- 
son at  a  few  feet  distant,  and  he  is  directed  to  select  those  of  that 
color  from  the  stick,  and  to  turn  them  away,  or  throw  them  over ; 
then  the  rose,  then  the  red  :  and  as  this  is  done  for  each  test  skein, 
the  numbers  upon  the  buttons  are  inspected  and  recorded  upon 
a  blank.  So  simple  is  this  system,  that  the  division  superintendent, 
who  is  responsible  for  the  examination,  may  forget  all  its  details 
if  he  but  remember  that  upon  the  blanks  submitted  to  him  for  his 
action  must  appear  only  odd  numbers,  and  that  If  the  even  ones 
are  mingled  the  case  is  one  of  color  blindness. 

For  the  acuteness  of  vision  the  best  and  most  simple  method 
is  to  employ  letters  of  known  size  at  given  distances ;  and  as  we 
might  meet  with  men  who  could  avail  themselves  of  opportunities 
to  learn  by  heart,  those  of  "Snellen,"  ordinarily  used,  the  writer 
had  a  rotary  disk  constructed  on  the  same  principle  whereby  but 
a  few  letters  were  exposed,  but  many  more  could  at  will  be 
brought  into  view  when  desired. 

For  the  hearing,  a  watch  and  the  voice  in  conversation  were 
used. 

These  instruments,  together  with  the  rules  and  regulations 
submitted  to  you,  won  the  approval  of  the  committee  of  rail- 
road oflficers,  were  put  into  practical  use  in  two  thousand  prelim- 
inary examinations,  were  adopted  by  the  highest  officers,  accepted 
by  the  Boai-d  of  Directors  and  ordered  to  be  put  in  force  upon  the 
entire  road  under  the  supervision  of  the  writer  as  their  surgical 
expert.  His  duties  were  to  assure  himself  of  the  accuracy  of  all 
instruments,  to  give  instructions  to  the  examiners  of  the  different 
divisions  in  their  use,  to  give  his  opinion  upon  any  doubtful  cases, 
their  blanks  being  placed  before  him,  and  to  examine  personally 
any  men  sent  for  the  purpose,  and  to  render  fit  for  service  by 
medical  or  surgical  treatment,  or  by  proper  correcting  glasses,  any 
capable  of  such  relief. 

From  an  inspection  of  the  blanks  and  a  knowledge  of  the  men, 
the  division  superintendent  could  deal  with  most  of  the  cases  by 
suspending  or  transferring  them  to  other  duties.  The  blanks  of 
the  color-blind  and  those  much  below  the  standard  of  vision  were 
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transmitted  to  the  sargical  expert  and,  upon  his  advice,  the  men 
could  be  sent  to  his  office,  where  the  color-blind  were  re-examined 
by  the  "  stick"  by  Holmgren's  method,  by  that  of  "  Stilling"  ad- 
vised  by  the  last  International  Congress,  and  by  Bonders'  instru- 
ment by  which  the  lights  of  the  lamps  and  signals  at  night  are  so 
perfectly  imitated  in  color,  size  and  intensity,  and  the  degree  of 
color  defect  measured  by  means  of  the  ratios  that  exist  between 
the  sizes  of  the  openings  transmitting  the  light,  and  the  distances 
at  which  the  man  may  be  placed ;  the  small  opening  should  be 
seen  by  the  normal  eye  at  five  metres,  being  in  diameter  one  mil- 
limeter, whilst  the  largest,  20  mm.,  when  used  at  five  metres  shows 
2V  of  color  sense  when  not  recognized,  or  at  one  metre,  shows  ^hrst  or 
at -J^  of  a  metre  or  one  foot,  shows  but  7^0-  of  color  sense,  and  many 
fail  to  distinguish  the  light  at  this  short  distance  ;  finally  by  coarse 
tests  such  as  colored  glasses  placed  in  front  of  large  gas  lights,  and 
by  flags  near  at  hand.  No  color-blind  man  has  lost  his  place  with- 
out the  satisfaction  of  a  professional  examination,  and  a  full 
demonstration  of  his  defect  in  most  instances  even  to  his  own  sat- 
isfaction. 

Should  he  fail  to  see  the  red,  for  example,  at  five  metres,  of  the 
large  opening  in  Donders'  instrument,  or  of  a  gas  light  with  a  red 
glass  before  it,  calling  it  green,  he  would  be  directed  to  obey  the 
green  signal  and  approach  it  slowly,  walking  up  to  it  until,  when 
within  one  metre,  perhaps  he  might  recognize  it  as  the  danger  sig- 
nal, when  too  near  to  prevent  an  accident.  Color-blindness,  it  must 
be  remembered,  is,  in  some  respects,  like  deafness,  and  with  the 
various  degrees  of  it,  there  are  different  possibilities  of  disaster. 

No  excitement  has  arisen,  no  interference  with  the  business  of 
the  road,  no  color-blind  man  has  escaped  detection,  very  few  mis- 
takes have  been  made  by  the  examiners,  not  a  single  word  has  been 
changed  in  the  instructions,  and  there  is  nothing  to  amend,  except, 
perhaps,  to  make  the  color-stick  into  a  smaller,  more  elegant  and 
self-registering  instrument. 

One  simple  test  not  hitherto  mentioned  has  been  used  in  the  first 
moment  of  my  examination ;  by  placing  a  piece  of  cobalt-blue  glass 
in  front  of  the  man's  eye,  and  directing  him  to  look  at  a  light  of 
moderate  size  like  a  candle,  at  twenty  feet  distance,  this  glass 
will  transmit  both  blue  and  crimson  light,  and  the  normal  eye  sees 
a  rose-colored  flame  surrounded  by  a  blue  hale,  whilst  the  color- 
blind sees  no  red,  but  onl}^  two  shades  of  blue,  and  so  describes  it. 
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That  the  color-blind  depend  upon  the  relative  intensity  of  the 
lights  to  distinguish  them  is  shown  by  the  fact  that  if  over  a  clear 
light  we  place  a  medium  shade  of  London  smoke  glass  it  will  prob- 
ably be  called  "  green,"  whilst  a  deeper  one  will  be  called  "red." 
In  like  manner,  if  a  red  glass,  then  a  green  one,  are  placed  before 
the  light,  and  then  tints  of  red  and  green  of  other  depths,  the  man 
will  often  call  one  red,  red ;  and  other  red,  gi'een ;  or  vice  versa^ 
In  the  display  of  flags  that  have  been  in  use,  a  very  bright  or  clean 
red  one  having  been  correctly  called,  if  it  is  thrown  carelessly  near 
so  that  it  can  be  compared  by  the  man,  and  another,  somewhat 
soiled,  be  shown,  he  may  pronounce  the  latter  green,  and  adhere 
to  the  opinion  even  when  he  takes  it  in  his  hand,  being  misled  by 
the  brightness  of  the  cleaner  one,  and  the  relative  dullness  of  the 
other. 

A  photograph  print  of  the  color  stick  will  give  in  its  tints  only 
various  ones  of  gray,  since,  as  we  know,  colors  are  incapable  of 
being  rendered  by  this  total  color-blind  process,  whereas  color-blind 
men  have  lost  but  the  red  and  gi-een,  preserving  perfectly  the  power 
to  see  yellow  and  blue.  If  now  we  were  to  paint  blue  that  part  of 
the  print  between  21  and  80,  we  who  are  not  color-blind  could  form 
a  clear  conception  of  its  appearance  to  color-blind  persons  and  ap- 
preciate how  impossible  it  must  be  for  them  to  conceal  their  defects 
under  the  investigation  of  the  color-stick.  Rose,  being  composed 
of  red  and  blue  in  equal  quantities,  appears  as  a  tint  of  blue  to  the 
red  blind. 

It  has  not  been  the  duty  of  the  wi'iter  to  investigate  cases  of 
accident  which  miglit  have  been  caused  by  defects  of  sight,  but  he 
has  been  assured  by  officials  that  a  solution  will  hereafter  be  found 
in  them  for  those  hitherto  insoluble  mysteiies  where  men,  otherwise 
credible,  have  so  flatly  contradicted  themselves  and  the  circum- 
stances of  the  case.  By  one  prominent  officer  he  was  told  that, 
being  upon  a  train  at  night,  delayed  by  some  slight  accident,  he 
himself  took  a  red  lantern  and,  going  to  a  proper  distance  back, 
placed  himself  on  the  track  in  the  way  of  an  on-coming  train, 
but,  finding  his  light  not  observed,  he  was  compelled  to  dash  it 
into  the  cab  to  attract  the  engineer's  attention  and  arrest  him  in 
his  progress  to  a  collision.  Upon  the  examination  of  another  en- 
gineer, his  superior  officer  being  present  and  convinced  of  his 
marked  color-blindness,  remarked  that  but  a  short  time  before,  this 
man  had  run  into  the  rear  of  a  train  properly  protected  by  a  red 
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light  in  the  hands  of  a  brakeman  some  distance  in  the  rear,  that 
the  most  careful  inyestigation  only  resalted  in  the  suspension  of 
the  brakeman  for  not  having  gone  far  enough  backj  but  that  he 
was  now  satisfied  that  the  color  blindness  of  the  engineer  had  been 
the  real  cause  of  the  accident. 

It  may  be  safely  assumed  that  in  the  various  emergencies  of  a 
railroad  service,  day  and  night,  the  year  round,  if  an  accident 
could  occur  from  such  and  such  contingencies,  that  it  will  be  but 
a  matter  of  time  when  it  will  become  a  verity. 

Some  slight  or  minor  accidents  recently  led  to  the  discovery  that 
an  engineer  had  by  some  oversight  not  been  tested  in  his  division, 
and  this  led  to  his  examination  and  detection  there,  and  to  his  con- 
viction by  the  writer  as  color  blind. 

Still  another  case  now  presents  itself:  an  engineer  some  time 
ago  ran  over  and  killed  a  brakeman  holding  a  danger  signal  on 
the  track  in  front  of  his  engine,  and  no  satisfactory  explanation 
could  ever  be  given,  but  the  division  examiner  predicted  that  he 
would  probably  be  found  color-blind  ;  on  his  examination  this  proved 
to  be  the  case. 

In  a  recent  popular  article  on  Control  of  Vision,  Dr.  Jeffries, 
who  has  done  more  than  any  one  in  this  country  to  call  attention 
to  its  dangers,  laments  the  entire  failure  in  Connecticut,  and  the 
partial  failure  in  Massachusetts,  to  obtain  efficient  legislation  to 
compel  railroads  to  expel  their  deficient  men.  He  tells  us  of  the 
like  condition  of  things  in  England,  and  finally  adds  that  the 
Pennsylvania  Railroad  alone  has  availed  itself  of  scientific  advice. 
Perhaps  if  the  system  adopted  by  it  had  then  been  described  and 
urged  as  most  in  keeping  with  our  institutions,  we  might  hope  to 
see  all  the  roads  in  the  countiy  following  its  example ;  but  the  ad- 
vice which  might  be  accepted,  if  proffered  in  a  practicable  manner, 
has  been  hitherto  urged  upon  the  officials  by  means  of  hostile  news- 
paper articles,  and  agitation  for  legislation  to  place  their  entire 
signal  force  at  the  mercy  of  state-appointed  examiners  who  might 
disorganize  it  and  bring  it  into  great  confusion. 

There  seems  to  be  a  natural  hesitation  on  the  part  of  medical 
men  to  place  the  examinations  for  color-blindness  in  the  hands  of 
laymen,  and  an  equal  unwillingness  on  the  part  of  railroad  officials 
to  submit  their  force  to  the  inspection  of  a  numerous  corps  of 
medical  examiners.    The  solution  is  found  in  the  use  of  the  instru- 
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ments  described,  which  merely  eoables  non-professional  persons 
to  make  a  record  of  certain  selections  and  place  them  on  paper, 
where  they  can  then  be  submitted  to  a  surgical  expert  who  can  as 
well  decide  upon  that  evidence  as  though  he  were  present  at  the 
examination,  with  the  understanding  that  all  suspicious  cases  are 
to  be  examined  by  him  in  person. 

What  is  gained  by  this?  The  expense  under  the  law  passed  in 
Massachusetts  and  Connecticut  was  estimated  to  be  from  two  to 
three  dollars  per  man,  to  be  paid  by  the  roads,  and  with  a  penalty 
for  the  employment  of  any  man  not  provided  with  the  certificate 
of  an  expert  appointed  by  the  Governor  of  the  state.  For  this  sum, 
say  three  hundred  dollars  per  one  hundred  men,  the  road  could  be 
informed  that  ten  to  fifteen  employes  were  unfit  for  its  service ;  no 
provision  having  been  made  for  the  correction,  by  glasses  or  other 
treatment,  of  the  trained  men,  otherwise  so  valuable,  and  no  time 
being  allowed  to  replace  men  especially  fitted  for  certain  duties ; 
and  the  roads  were  to  be  thus  taxed  for  the  more  than  decimation 
of  their  entire  force,  whilst  the  employes  were  subjected  to  a  pit- 
iless scrutiny  that  would  end  in  the  summary  dismissal  of  about 
fifteen  per  cent  from  the  discharge  of  duties  for  which  they  had 
spent  perhaps  years  of  training.  It  can  easily  be  understood  why 
such  a  law  would  be  resisted  by  all  the  political  or  other  influences 
of  the  entire  railway  force  in  a  state,  from  the  directors  and  pres- 
idents to  the  lowest  employes,  and  should  awaken  also  the  oppo- 
sition of  the  holders  of  its  securities. 

By  the  system  adopted  on  the  Pennsylvania  Railroad,  the  men 
below  the  standard  are  detected  unerringly  by  their  own  ofiScials ; 
those  color-blind  are  sent  to  the  surgical  expert  and  after  his  de- 
cision, are  yet  retained  in  the  service  where  possible,  being  placed 
where  their  defects  can  work  no  harm.  Any  valuable  man  below 
the  standard  of  visual  power  can  be  sent  for  treatment,  if  the  offi- 
cers so  decide,  or  the  men  can  elect  to  have  their  cases  treated 
elsewhere  upon  the  condition  that  they  can  pass  the  proper  exam- 
ination afterwards.  The  one  plan,  it  is  evident,  is  expensive, 
irritating  to  the  whole  personnel  and  disorganizing ;  while  the  other 
is  economical,  confidential  and  orderly.  By  a  wise  liberality  in 
aiding  men  to  have  tlieir  acuteness  increased  by  proper  glasses  the 
officers  of  the  road  have  been  able  to  carry  out  their  wishes  without 
any  noticeable  opposition  from  the  employes,  and  have  thus  effected 
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for  hundreds  what  wonld  otherwise  have  cost  them  thousands  of 
dollars,  if  any  plan  hitherto  proposed  had  been  adopted.  Since 
only  the  color-blind  and  those  needing  surgical  skill  have  been  sent 
to  the  expert,  he  has  not  been  in  a  position  to  give  statistical  tables 
of  the  examinations,  and  he  therefore  submits  the  following  letter 
from  Mr.  Charles  E.  Pugh,  the  general  manager,  to  substantiate 
his  statements  and  bear  witness  to  the  success  of  the  entire 
system. 

Pennsylvania  Bailroad  Co. 
Office  of  the  General  Manager^ 
233  So.  Uh  Sty  Philadelphia  J  Pa.,  April  26,  1884. 

Dr.  Wm.  Thomson, 

Surgical  Expert,  Penn.  R.  R.  Co., 
1426  Walnat  Street,  Philadelphia. 

Dear  Sir :  The  practical  examination  of  our  employes  as  to  their  acute- 
ness  of  vision,  color-sense  and  hearing,  in  accordance  with  the  system 
proposed  to  us  by  you  and  carried  out  under  your  supervision,  has  been 
extended  to  all  the  various  divisions  of  the  Penn.  Railroad,  has  embraced 
nearly  all  of  the  men  engaged  in  duties  requiring  the  use  of  signals  now 
in  the  service  and  will  be  used  hereafter  in  the  selection  of  men  placed  on 
such  duty,  or  in  the  employment  of  new  men  entering  our  service. 

In  approaching  the  completion  of  the  task  of  examining  those  now  in 
our  service  (more  than  twelve  thousand  employes  having  now  been  sub- 
mitted to  your  system),  I  desire  to  express  to  you  our  entire  satisfaction 
with  the  rules  and  regulations,  tests  and  instructions  prepared  by  you,  as 
well  as  with  the  personal  supervision  instruction  of  examiners,  and  exam- 
inations and  decisions  upon  doubtfUl  cases  and  persons  referred  to  you  for 
final  action. 

Our  division  superintendents  and  their  staff  officers  have  been  able  to 
deal  promptly  with  the  great  majority  of  defective  men  and  thus  avoid 
the  necessity  of  availing  themselves  of  that  clause  In  the  Instructions  which 
provides  for  an  expert  examination  in  each  suspected  case,  and  have  in 
this  way  carried  out  your  purpose  without  undue  excitement  among  the 
men,  in  a  speedy  and  confidential  way,  and  with  economy  to  the  company. 

The  proportion  of  those  defective  In  color-sense,  vision  and  hearing  was 
found  by  the  examination  of  two  thousand  men  before  the  adoption  of  this 
plan  to  be  4  per  cent  of  the  first  and  about  10  per  cent  of  the  latter,  and  I 
am  satisfied  from  my  reports  that  all  those  thus  deficient  are  being  relieved 
of  duties  which  they  cannot  perform,  and  that  the  great  dangers  to  the 
public  and  to  the  other  employes  of  loss  of  life,  and  to  the  company  of 
possible  destruction  of  property,  have  been  averted,  so  far  as  their  defects 
are  concerned. 

I  am  frequently  asked  by  prominent  officers  of  other  railways  and  gov- 
ernment officials  to  give  an  opinion  as  to  thq  practical  usefulness  of  our 
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system  of  examination,  and  it  affords  me  much  pleasure  to  emphat- 
ically commend  It  in  all  its  details ;  and  I  feel  that  we  have  good  reason  to 
be  satisfied  with  this  the  first  successful  attempt  to  bring  the  entire  body 
of  men  engaged  in  signalling  upon  a  railway  in  our  country,  under  control 
by  the  practical  application  of  scientific  facts.  Having  eliminated  these 
dangerous  persons  ttom  our  present  force  we  propose  to  keep  it  tree  ftom 
them  in  the  future  by  a  steady  application  of  our  present  system. 

Yours  truly, 

Chas.  E.  PuGn, 

General  Man<iger. 

To  this  great  corporation,  extending  through  six  states,  oper- 
ating five  thousand  miles  of  track,  with  nearly  if  not  quite  fifty 
thousand  employes,  and  responsible  for  the  lives  of  millions  of 
people  each  year,  must  be  accorded  the  honor  of  having  been  the 
first  to  obtain  the  desired  control  of  the  visual  defects  of  their  men 
by  a  wise  and  intelligent  application  of  scientific  laws. 

Their  example  has  been  extensively  followed  elsewhere  and  their 
instrument  has  been  obtained  by  more  than  thirty  other  roads  from 
the  manufacturer.  It  has  also  been  ordered  by'^^The  Board  of 
Trade  of  England,"  by  many  distinguished  medical  men  abroad, 
and  has  recently  been,  with  the  entire  system,  adopted  and  will 
no  doubt,  be  put  into  operation  by  a  director  of  the  Southwestern 
Road  in  England.  There  is  no  longer  any  reason  why  losses  of 
life  and  property  should  occur  in  railway  service  from  visual  de- 
fects ;  and  an  enlightened  public  opinion  should  now  insist  upon 
the  adoption  of  some  similar  plan  upon  the  hundred  thousand  other 
miles  of  railway  now  being  operated  in  our  country. 

Having  been  placed  as  the  American  representative  on  the  com- 
mittee on  Control  of  Vision  at  the  International  Congress  in 
London  three  years  ago,  I  have  urged  upon  the  Naval  Committee 
of  our  Congress  the  value  of  this  large  experiment  with  a  view  to 
have  a  law  passed  to  form  an  International  Commission  to  establish 
a  uniform  sj'stem  of  signals,  examinations,  etc.,  both  on  the  laud 
and  on  the  water.  There  is  no  doubt  that  accidents  must  occur 
on  the  sea,  and  the  recent  loss  of  the  Tallapoosa  has  not  only  been 
ascribed  to  a  wrong  interpretation  of  the  colored  signals,  but  the 
commission  appointed  to  investigate  the  accident  have  been  espec- 
ially directed  to  examine  for  color-blindness  the  lookouts  on  the 
ships. 
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Notes  on  aneroids.      By  Prof.  M.  W.  Harrington,  University 
of  Michigan,  Ann  Arbor,  Mich. 

rABSTRACT.l 

1.  The  popularization  of  the  barometer.  This  can  best  be 
done  with  the  aneroid ;  fairly  accurate  ones  should  be  retailed  at 
a  low  price. 

2.  Improvements  of  the  aneroid  for  accurate  measurements. 
The  three  or  four  recent  German  modifications  are  bnefly  described 
and  discussed. 


An  absolute  sensitometbr.    By  Prof.  6.  W.  Hough,  Director 
Dearborn  Observatory,  Chicago,  III. 

[ABSTRACT.] 

Various  methods  have  been  employed  for  ascertaining  the  sen- 
sitiveness of  photographic  plates,  but  we  do  not  know  that  any 
hitherto  used  are  capable  of  giving  directly  the  sensitiveness  as 
referred  to  any  convenient  standard.  The  use  of  blackened  gela- 
tine films  may  give  sufi9ciently  reliable  results,  but  from  the  nature 
of  their  construction,  no  two  instruments  will  be  precisely  alike, 
and  even  in  the  same  instrument  there  is  no  definite  relation  be- 
tween the  different  parts  of  the  scale. 

The  use  of  a  series  of  tubes  having  unequal  areas  might  answer 
under  certain  conditions,  but  such  an  apparatus  would  be  compli- 
cated. 

It  occurred  to  me  that  if  a  perforated  disk  was  made  to  revolve 
in  front  of  a  scale  of  numbers,  the  light  received  by  each  would 
be  directly  proportional  to  the  angular  opening  in  the  disk.  To 
illustrate,  suppose  we  have  a  semicircular  disk,  which  is  made 
to  revolve  rapidly,  then  any  number  covered  by  it  when  in 
rotation  would  receive  only  one-half  as  much  light  as  one  outside 
of  its  circumference.  If  the  disk  revolves  with  sufficient  speed 
both  numbers  will  be  constantly  visible  to  the  eye,  but  one  will 
receive  only  one-half  as  much  light  as  the  other.  On  this  prin- 
ciple is  based  the  sensitometer  about  to  be  described. 

Let  any  scale  of  numbers  from  0  to  100  be  photographed  or 
painted  on  clear  glass  or  the  numbers  may  be  engraved  on  a  black- 
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ened  glass  plate.  The  plate  to  be  tested  may  then  be  placed  be- 
hind it,  to  make  a  contact  negative.  In  front  of  the  scale,  the 
snail  or  perforated  disk  may  be  rotated  so  as  to  give  each  number 
its  proper  amount  of  illumination,  the  light  being  a  standard 
candle  at  one  foot  distance. 

If  the  time  of  exposure  be  one  second,  and  the  last  number  vis- 
ible in  the  negative  is  two,  the  equivalent  exposure  will  be 

1  X  riv  =  -^  sec. 
If  another  plate  under  the  same  condition  shows  the  number  4  in 
the  negative,  its  equivalent  exposure  will  be  ^V  second.      The 
reciprocal  of  these  fractions  will  be  the  direct  measure  of  sensi- 
tiveness. 

In  other  words,  the  apparatus  will  give  the  actual  time  required 
for  the  light  of  one  standard  candle  at  one  foot  distance  to  make 
a  legible  record,  and  this  time  is  the  standard  of  sensitiveness ; 
the  only  source  of  error  will  be  in  the  standard  candle. 

In  testing  rapid  emulsion  plates,  it  is  desirable  to  place  the 
standard  candle  at  eight  or  ten  feet  distance,  in  order  that  the 
error  in  making  the  exposure  may  be  reduced  to  a  minimum. 


An  experiment  for  illustrating  the  conversion  op  mechani- 
cal   ENERGY    INTO    HEAT.        By   Prof.     ChAS.    E.   MuNROE,    U. 

S.  Naval  Academy,  Annapolis,  Md. 

[ABSTRACT.] 

A  PERFORATED  cork  having  been  attached  to  the  arbor  of  a 
Griscom  electro-motor,  a  test  tube  is  inserted  in  the  cork.  A  wad 
of  gun  cotton  is  placed  in  the  test  tube  and  the  tube  corked.  On 
setting  the  motor  in  revolution,  sufficient  heat  is  generated  to  fire 
the  gun  cotton  and  blow  the  cork  from  the  tube. 


On  the  VARIATION  OF  THE  RESISTANCE  OP  CARBON  UNDER  PRESSURE. 

By  Prof.  T.  C.  Mendenhall,  Ohio  State  University,  Columbus, 
Ohio. 

[ABSTRACT.] 

The  variation  of  the  resistance  of  carbon  under  varying  pressures 
has  been  made  the  subject  of  investigation  by  a  number  of  phy- 
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sicists.  The  conclasion  which  seems  to  have  been  most  generally 
reached  was  that  such  variations  are  due  to  changes  in  the  surface 
contact  of  the  poles  with  the  carbon,  rather  than  to  any  internal 
changes  in  the  carbon  itself.  In  April,  1882,  the  author  had 
prepared  an  account  of  some  experiments  upon  soft  carbon,  as 
used  in  Edison's  Tasimeter,  which  was  read  before  the  National 
Academy  and  afterwards  published  in  the  Am.  Journ.  of  Science, 
for  July,  1882.  In  this  paper  he  had  ventured  the  opinion  that 
variations  in  surface  contact  would  not  account  for  all  of  the  ob- 
served facts. 

This  conclusion  had  been  criticised  by  Professor  Sylvanus  Thomp- 
son who  quoted  experiments  made  by  Professor  Barrett  and  Mr. 
Herbert  Tomlinson  in  support  of  his  objections. 

The  matter  had  been  taken  up  again  by  the  author  within  the 
past  few  weeks  and  new  experiments  had  been  made  to  test  the 
question.  In  these  experiments  mercury  contacts  had  been  ex- 
clusively relied  upon. 

In  the  case  of  hard  carbon  the  pressure  was  not  applied  through 
the  conducting  contacts.  The  results  of  many  experiments  showed 
without  a  single  exception,  a  diminution  of  resistance  accompany- 
ing an  increase  of  pressure.  In  this  conclusion  the  author  found 
himself  supported  b}'  Mr.  Herbert  Tomlinson  in  a  paper  read  before 
the  Royal  Society  on  the  "  Influence  of  stress  and  strain  on  the 
action  of  physical  forces." 

The  soft  carbon  used  was  of  the  form  previously  referred  to. 
The  disk  of  carbon  was  confined  between  two  bevelled  glass  tubes, 
so  as  to  form  a  V-shaped  apparatus,  with  the  carbon  held  between 
the  two  branches  at  the  vertex  of  the  angle. 

Pressure  was  applied  by  pouring  mercury  in  both  arms  to  any 
desired  height,  and  connection  with  the  mercury  was  made  by  means 
of  platinum  wires  sealed  in  the  tubes.  Very  decided  results  were 
obtained  by  varying  the  pressure  upon  the  carbon.  Other  experi- 
ments were  described  in  which  the  attempt  was  made  to  determine 
whether,  under  such  circumstances,  a  variation  in  surface  contact 
between  the  carbon  and  the  mercury  would  occur,  to  a  sufficient 
degree  to  account  for  the  facts  observed  with  the  V  tube.  The 
results  obtained  were  such  as  to  convince  the  author  that  there  was 
little  doubt  but  that  there  existed  a  real  change  in  the  specific 
resistance  of  the  carbon  due  to  changes  in  pressure. 

It  was  unfortunate,  however,  that  the  pressure,  in  this  case,  was 
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H|>pU^)  through  the  coDilaeting  faces  of  the  carbon.  It  seems  al- 
uioMi  liu|H^«ilblt>  to  aToUl  this  in  the  case  of  soft  carbon,  but  the 
HUthor  (Mx^H^tH)  to  continue  the  investigation  and  to  remove,  as 
\\kv  H«  WHU  |KK«iHibUs  ev^ry  objection  to  the  methods  employed. 

Th^  iii»*ohIKhI  **crucial  experiment"  of  Professor  Barrett  was 
io(Viiv^l  ii»  MUi)  it  WHS  shown  to  be  faulty,  in  that  the  pressure  had 
bovu  h|»|^U\h)  to  one  fhoeonly  of  the  carbon  disk,  and  proper  pre- 
vuuii\^ti«  hnd  not  lHH>n  taken  to  insure  the  absence  of  air  bubbles. 


A  IH^^ilHlK    ^litMOO  or  KLKITRICAL  COMMUNICATION  BETWEEN  YES- 

«vii«   vv  »iiK%     Uv  \^x\  A.  Graham  Bell,  Washington,  D.  C. 

tv  H  i^M'^'^  ^"^"^^^  K'toro  the  American  Academy  of  Arts  and 
S^  k\  uv<M  ylVvv  Wx  tS7S^^  1  described  a  modification  of  amethod 
\il  u.un>v\  w^ui  (K^U'utml  lines  and  surfaces  employed  by  Prof. 
\\  Vi  Vvl  iui^^t^ud  othvr  observers.  The  chief  point  of  difference 
\  is  iu  i^o  M^o  v'f  H  tolophone  in  place  of  a  galvanometer,  and  in 
lUv«  v.uk|^U«\inoht  of  a  rheotome,  to  interrupt  the  battery  circuit 
\\\\\\  v'lv  \\  i«^«ul)tY«  In  this  paper  I  described  the  following  exper- 
\^x^y  ui  \\t»is  \\  ^uvivi^^Mtnl  to  my  mind  the  method  now  proposed  as  a 
iu.  .ititio  uiv'ilkv^l  of  coumiunication  between  vessels  at  sea. 

i.ii\\v  i^  \i\^\\\  v»r  water,  introduce  into  it,  at  two  widely  separat- 
\.l  ^»viui4,  llu*  U^v*  torminals  of  a  battery-circuit  which  contains 
iui  iuUui4»\\^v  uuiking  and  breaking  the  circuit  very  rapidly. 
i\.»\\  *a  l\N\k  \»lhor  points  touch  the  water  with  the  terminals  of 
u  \  IU  uu  ss»Mi.uniug  H  telephone.  A  sound  will  be  heard,  except 
\\Uy  \K  \\\s^  i\\\<  wW\A\o\w  terminals  touch  the  water  at  points  where 
ilk,.  \iy^\\  \\\\  \\  It  iho  muno.  In  this  way  the  equi-potential  lines  can 
^  .1  .il>  Itvi  I'lv  K\hI  out*  Now  to  apply  this  to  the  case  of  a  ship  at 
,^.\,  ..i4»|»\»iv*  ouo  »iiip  to  be  provided  with  a  dynamo  machine 
i.»  lui.iHnv,  *s  \y\^\\KHi\\\  current,  and  let  one  terminal  enter  the  water 
^\\  liu.  \iio\>  v»l  tho  -^hip,  and  the  other  be  carefully  insulated,  except 
til  II  I  \^\\Ax  ^\\\\\  l»o  truilod  behind  the  ship,  making  connection  with 
llu<  .i.t  ui  »k  r\iu>iiilorable  distance  from  the  vessel;  and  sup- 
|ui  .\\  \  U\y  K'\\\  \  \'\\\  bo  vapidly  made  and  broken  by  an  interrupter :  then 

«  ^^u.  Tiuo  Mi  IU0  \\i\^\\  Ao.  of  Arts  aud  Science;  also  Nature,  Vol.  XIX,  p. 211. 
•  i'uil.  M>itt  I  (M^<  ktit'd,  Vol.  L,  p.  518. 


PHT8IC8.  133 

the  observer  on  a  second  vessel  provided  with  similar  terminal 
conductors  to  the  first,  but  having  a  telephone  instead  of  a  dynamo, 
will  be  able  to  detect  the  presence  of  the  other  vessel  even  at  a 
considerable  distance. 

This  idea  has  been  tested  on  a  small  scale  with  very  promising 
results.  A  small  boat,  containing  an  interrupter  and  several  cells 
of  Leclanch^  battery,  was  moored  upon  the  Potomac  River  in 
charge  of  an  assistant.  I  then  proceeded  down  the  river  in  an- 
other boat  containing  a  telephone.  The  circuits  were  arranged  as 
described  above.  At  the  farthest  distance  tried — which  appeared 
from  the  map  to  be  about  one  mile  and  a  quarter — the  sounds  pro- 
duced by  the  action  of  the  interrupter  were  distinctly  but  feebly 
heard.  The  experiment  was  not  so  successful  when  tried  in  salt  wa- 
ter. I  have  hitherto  refrained  from  publishing  these  ideas,  as  Prof. 
John  Trowbridge,  of  Harvard  College,  communicated  to  me  a  year 
or  so  ago  a  very  similar  method  which  had  occurred  to  him  inde- 
pendently, and  which  I  hoped  he  would  publish.  As  this  has  not 
been  done,  and  as  the  whole  subject  appears  to  me  to  be  of  import- 
ance, I  have,  with  the  permission  of  Prof.  Trowbridge,  ventured 
to  bring  it  before  your  notice.  Prof.  Trowbridge  proposed  to  utilize 
his  method  as  a  means  of  preventing  collisions  in  a  fog.  He 
believed  that  by  suitable  modifications  the  officers  of  a  ship  might 
not  only  be  able  to  detect  the  presence  of  an  approaching  vessel 
before  dangerous  proximity  had  been  reached  but  might  also  be 
able  to  determine  its  position. 

As  Prof.  Trowbridge  himself  is  present  it  will  be  unnecessary 
for  me  to  describe  his  method  in  detail* 


On  the  intensity  of  sound.  II  the  enerot  used  by  an  organ 
PIPE.  By  Prof.  C.  K.  Wead,  University  of  Michigan, 
Ann  Arbor,  Mich. 

[ABSTRACT.] 

In  a  previous  paper  the  subject  of  the  energy  of  vibration  in  tun- 
ing forks  has  been  considered ;  and  now,  passing  to  gaseous  bodies, 
we  have  to  consider  the  energy  per  second  that  must  be  communi- 
cated to  an  organ  pipe  to  maintain  its  sound.    The  general  method 
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is  that  described  by  Mr.  Bosanquet  (Pliil.  Mag.  1872)  but  the 
experiments  are  much  more  accurate. 

I.  Drawing  a  single  stop  on  the  organ  eight  keys  were  pressed 
and  the  volume  of  air  used  per  second  found  :  from  this  of  course 
the  leakage  is  deducted,  and  the  product  of  the  remainder  by  the 
pressure  on  the  bellows  gives  the  work  done.  This  was  repeated 
in  various  parts  of  the  scale  and  with  various  stops.  It  is  very 
clear  from  the  results  that  the  efficiency  of  pipes  of  dififerent  stops 
is  very  different,  as  organ  builders  well  know,  and  that  a  reed  pipe 
is  far  more  efficient  mechanically  than  a  flue  pipe. 

II.  Drawing  all  the  nine  stops  of  the  great  organ  and  pressing 
a  single  key,  we  find  the  relative  work  done  in  different  parts  of  the 
scale.  The  results  may  be  well  expressed  by  an  exponential 
curve  whose  ratio  is  found  by  least  squares  to  be  .59  for  the  octave 
in  most  cases.  But  the  common  organ-builders'  rule  is  to  make 
the  17th  pipe  half  the  diameter  of  the  first ;  assuming  here  an  ex- 
ponential series,  the  diameter  of  the  pipe  an  octave  above  the  firet 
would  be  the  -ff  power  of  ^  which  equals  .5946.  We  must  con- 
clude therefore  that  Topfer's  rule  endorsed  by  Mr.  Bosanquet, 
according  to  which  the  ratio  should  be  exactly  .50,  is  true 
neither  theoretically  nor  experimentally. 


A   PRELIMINART  NOTE   ON  THE  ACTION  OF  ACIDS   UPON   IRON  IN  THE 

MAGNETIC  FIELD.  By  Prof.  Edward  L.  Nichols,  University  of 
Kansas,  Lawrence,  Kansas. 

[ABSTRACT.] 

When  iron  in  the  magnetic  field  is  destroyed  by  acids,  a  process 
is  performed  which  may  be  considered  equivalent  to  its  withdrawal 
by  mechanical  means  to  a  position  of  zero  potential.  Since  in 
such  a  process  energy  must  be  expended,  we  might  expect  the 
heating  effect  of  the  reaction  to  differ  within  and  without  the  field 
by  an  amount  equivalent  to  the  energy  necessary  to  withdraw  the 
iron  mechanically  to  an  infinite  distance.  The  author  has  com- 
pleted a  series  of  preliminary  experiments  to  determine  the  charac- 
ter and  amount  of  this  difference.  An  electro-magnet  was  placed 
with  its  poles  beneath  and  in  contact  with  the  bottom  of  a  small 
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beaker.  Within  the  beaker  were  placed  five  grs.  of  iron  filings 
and  100  cc.  of  aqua  regia.  A  sensitive  thermometer  served  to 
show  the  temperature  of  the  solution. 

It  was  found,  contrary  to  expectation,  that  the  rise  of  tempera- 
ture was  much  greater  when  the  magnet  was  in  circuit  than  when 
it  was  not  acting.  For  purpose  of  comparison  the  reaction  was 
repeated  many  times  alternately  with  and  without  the  current, 
care  being  taken  that  the  conditions  save  those  due  to  magnetiza- 
tion were  in  all  cases  the  same. 

The  average  rise  of  temperature  in  fourteen  consecutive  meas- 
urements was : 

Magnet  acting,  63.^7 

Magnet  not  acting,  48.^7 
The  author's  assistant,  Mr.  W.   S.  Franklin,  repeated  these 
measurements  with  the  calorimeter.     The  mean  of  ten  measure- 
ments showed  the  number  of  thermal  units  per  gramme  of  iron 
consumed,  to  be : 

Magnet  acting,  1288.8  Calories. 
Magnet  not  acting,  1035-0  „  * 
The  heat  produced  in  these  reactions  was  less  than  that  obtained 
by  Andrews  by  the  combustion  of  iron  in  chlorine  (1745  calories). 
Whether  the  product  is  in  both  cases  a  mixture  of  FcsCls  and  FegCIe 
the  ferric  salt  predominating  when  the  magnet  is  acting,  or 
whether,  as  has  been  suggested  to  the  author,  new  salts  are  pro- 
duced under  the  influence  of  the  magnet,  further  experiments 
must  determine. 


Local  and  topical  weathkr  cards.      By  W.  M.  Davis,  Har- 
vard College,  Cambridge,  Mass. 

Bt  employing  a  method  of  graphic  transference,  described  in 
Science,  Apr.  4,  1884,  two  sets  of  cards  are  prepared :  one]showing 
the  various  kinds  of  weather  experienced  at  certain  selected  sta- 
tions, as  controlled  by  distance  and  direction  from  the  temporary, 
dominating  region  of  high  or  low  pressure ;  the  other  showing  the 
distribution  of  certain  single  features  of  weather  gathered  from 
many  stations  and  grouped  in  their  proper  attitude  with  respect  to 
centres  of  high  or  low  pressure.  The  first  of  these  serves  to  dis- 
cover what  modifications  of  the  general  weather  forecasts  are 
needed  for  the  stations  for  which  they  are  applied.  The  second 
illustrates  the  limitation  of  certain  phenomena,  such  as  tornadoes, 
to  relatively  small  parts  of  their  parent  cyclones. 
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Om  ▲   PUOOF  OF  CONTACT  THEORY  OP  ELECTRICITY.       By    Prof.  A. 

K.  DoLBKAR,  Tutls  College,  Mass. 

[ABSTRACT.] 

Proof  consists  in  emplo3*ing  a  magneto  telephone  which  is  con- 
nooted  to  a  wira  whose  ends  consist  of  plates  of  different  metals, 
#«  g.^  aino  and  carbon,  or  copper.  These  plates  are  then  made  to 
touch  each  other.  Each  touch  may  be  heard,  and  if  one  terminal 
of  the  wii'e  vibrates,  like  the  prong  of  a  tuning  fork«  against  the 
oUM^r  terminaU  the  rate  of  the  vibration  can  be  heard ;  thos  siiow- 
lug  lh<»  electrification  and  discharge  by  contact. 


Os    cv^^irAiuxxTE  cvwT    or    elkctwc    l>»ht    ax»    oncALi^^i 
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On  the  distribution  of  potential  in  conductors  experi- 
encing THE  electromagnetic   EFFECTS  DISCOVERED  BY  HaLL. 

By  Sir  William  Thompson,  University  of  Glasgow,  Scotland. 

On  a  standard  tangent  galvanometer.  By  Prof.  Silvanus 
Thompson,  University  College,  Bristol,  England. 

On  the  government  op  electric  motors.  By  Prof .  Silvanus 
Thompson,  University  College,  Bristol,  England. 

Change  in  rainfall  of  Virginia.  By  J.  R.  Pdrdib,  M.  D.,  Smith- 
field,  Isle  of  Wiglit  Co.,  Va. 

The  Princeton  meteorological  observatory.  By  Prof.  William 
LiBBEY,  jr.,  Princeton,  N.  J. 

A  FORM  of  apparatus  FOR   DETERMINING   THE  DIATHERMACY  OF  AIR 

AND  gases.    By  John  R.  Paddock,  Stevens  Institute,  Hobo- 
ken,  N.  J. 

A  PROPOSED  method  OF  DETERMINING  THE  MAGNETIC  DIP  BY  MEANS 
OF  A  MAGNETIC  PENDULUM.      By   MaRCUS  BaKER,  U.  S.  Coast 

and  Geodetic  Survey,  Washington,  D.  C 

Description  of  a  galvanometer  for  demonstrating  the  internal 
current  transmitted  through  the  liquid  within  a  voltaic 
CELL.    By  Conrad  W.  Cooke,  C.  E.,  Westminster,  Eng. 

Thermal  belts.  By  Prof.  J.  W.  Chickering,  jr..  Deaf  Mute  Col- 
lege, Washington,  D.  C. 

Geometrical  methods  in  the  theory  of  refraction  at  one  or 
MORE  SURFACES.  By  Prof.  James  Loudon,  University  College. 
Toronto,  Canada. 

Some  relations  of  positive  and  negative  electricity.  By  Dr. 
H.  W.  Eaton,  Louisville,  Ky. 

A  METHOD  OF  DISTRIBUTING  WEATHER  FORECAST  BY  MEANS  OF  RAIL- 
ROAD TRAINS,  ETC.     By  JoHN  A.  MiLLER,  Cairo,  111. 
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ticnK  OM  TIIR  PERIODIC  MODIFICATIOK  OF  ELECTRO-STATIC  INDUCTION. 

My  Prof.  H.  8.  Carhart,  N.  W.  University,  Evanston,  El. 

OM  TIIK   KKVtlTI VBNBM  OF  THE  ETE  TO  COLORS  OF  A  LOW  DEGREE   OF 

HATUMATION.     By  Prof.  £.  L.  Nichols,  University  of  Kansas, 
Lawrence,  Kansas. 

A     Nl'KCrrUOPIIOTOMETRIO     STUDY    OF    PIGMENTS.       By  Pl'of.   E.    L. 

NioiioLi,  University  of  Kansas,  Lawrence,  Kansas. 

KlIMT  MTKFS  TOWARD  A  GENERAL  SYSTEM  OF  OBSERVATIONS  OF  AT- 
M(>HI*IIKUIO   ELECTRICITY.      By  Prof.  CLEVELAND  AbbE,    Wash- 

ln[{ton,  D.  C. 

OmiANIXATION        OF     BEISMOLOGICAL      OBSERVATIONS.  By     Prof. 

('LMVKLAND  AuBB,  Washington,  D.  C. 

MKTiiona  OK  vkrikying  weather  probabilities.  By  Prof. 
Clkyklamd  Abbk,  Washington,  D.  C. 

Staniuhuh  of  banometrt  akd  thermometry.  By  Prof. 
Clkykland  Abbe,  Washington,  D,  C. 

Oh  yiiic  uovation  op  the  kquipotential  lines  of  an  electric 
iH'ttHENr  by  magnetic  action.*  By  Dr.  E.  H.  Hall,  In 
iktruotor  in  p)^*sios  at  llarvaixi  College,  Cambridge,  Mass. 
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CHEMISTRY. 


ADDRESS 

BY 

PROFESSOR  JOHN  W.  LANGLEY, 

VICE  PRESIDBNT,  SECTION  C. 


Fellow  Members  of  the  Chemical  Section  : 
Ladies  and  Gentlemen  : 

In  reviewing  the  history  of  each  living  being  and  of  every  intel- 
lectual conception,  we  are  at  once  made  aware  of  a  law  of  growth 
the  most  general  and  fundamental  possible,  namely,  that  of  devel- 
opment, or  progression  along  what  often  seems  to  be  a  predeter- 
mined line  whose  constraining  influence  is  so  powerful  that  it  is 
only  by  following  it  that  the  organism  can  escape  destruction. 

Development,  while  it  may  be  continuous,  both  for  the  individual 
and  for  the  race  when  broadly  looked  at  over  large  intervals  of 
time,  is,  on  the  other  hand,  a  process  which,  in  its  details,  is  con- 
stantly interrupted  both  by  alterations  of  direction  and  by  arrests 
of  action  which  may  even  go  so  far  as  to  cause  retrograde  meta- 
morphoses. 

A  plant  may  readily  grow  unsymmetrically  if  shaded  on  one 
side ;  but  that  error  of  form  will  be  largely  corrected  when  it  is 
again  bathed  with  light  which  comes  from  all  directions.  This 
partial  arrest  may  even  arise  from  the  plant  itself,  as  when  the 
excessive  growth  of  the  vine  in  forming  new  wood  saps  the  energy 
which  should  go  to  the  formation  of  fruit,  and  the  grapes,  which 
alone  make  the  plant  valuable  to  man,  never  reach  that  fullness 
and  flavor  which  should  recompense  the  toil  of  the  husbandman. 

All  of  us  here  are  constituent  intellectual  atoms  in  a  great  ideal 
organism  called  Chemistry.  We  know  the  long  and  honorable 
history  of  our  science ;  we  know,  too,  its  wonderful  progress  in  the 
past  fifty  years ;  we  perceive  how  from  the  single  stem  of  Alchemy 
it  has  thrown  out  branches  in  all  directions,  mineral,  organic, 
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analj'tical,  synthetic,  agricultural,  physiological,  biological  chem- 
istries ;  but  has  it  furnished  a  corresponding  number  of  great  far- 
reaching  laws?  Has  it  been  equally  prolific  of  grand  hypotheses 
which  have  stood  the  test  of  time  ? 

Will  you  pardon  me  if  I  venture  to  apply  the  analogy  of  the 
plant,  and  to  ask  whether  our  development  has  been  symmetrical, 
wliether  some  struggling  bud  put  forth  in  our  youth  has  not  been 
starved  and  shaded  by  the  abundant  leafage  of  our  branches,  and 
whether  in  the  rapid  accumulation  of  facts  from  that  great  diffused 
solution  of  them  called  Nature,  while  we  may  have  greatly  in- 
creased our  quantities  of  chlorophyll  and  cellulose,  we  have  equally 
gained  in  the  fruit,  whether  we  have  been  equally  successful  in 
elaborating  well-rounded  generalizations  which  fill  the  intellectual 
taste  with  a  sense  of  delight,  and  which  stand  forth  as  the  declared 
fruit  of  our  toil. 

Such  a  bud  our  science  put  forth  in  its  alchemical  stage  under 
the  name  of  afilnity.  During  the  early  part  of  the  present  century 
the  idea  received  considerable  expansion  and  showed,  at  one  time, 
a  vitality  comparable  with  the  condition  of  the  doctrine  of  the 
conservation  of  energy  prior  to  the  5'ear  1850.  Having  reached 
this  stage  the  development  of  a  theory  of  affinity  seems  to  have 
been  arrested  and  soon  it  is  seen  occupying  a  position  of  constantly 
decreasing  interest  to  chemists.  The  proof  of  this  statement  is 
easily  found  by  comparing  such  works  as  Daniel's  Introduction  to 
Chemical  Philosophy,  Thompson's  History  of  Chemistry  and  Dau- 
beny's  Atomic  Theory,  published  in  1830  and  '31,  or  the  woiks  of 
Berzelius,  with  any  recent  manual  of  inorganic  chemistry.  In  the 
older  books  the  amount  of  space  given  to  the  treatment  of  chem- 
ical affinity  is  relatively  large,  while  in  the  treatises  of  to-day  it  is 
in  many  cases  hardly  even  mentioned. 

In  the  article  Chemistry  in  the  new  Encyclopaedia  Britannica, 
covering  120  pages,  there  is  not  a  single  paragraph  referred  to  the 
title  affinity,  and  less  than  half  a  page  devoted  to  it  indirectly. 
In  Watts'  Dictionary  of  ChemisUy,  including  the  supplements, 
out  of  a  total  of  9665  pages,  only  62  are  devoted  to  affinity  where 
it  appears  under  tlie  head  of  chemical  action.  In  Wurtz's  Diction- 
naire  de  Chimie,  the  treatment  of  affinity  under  the  several  heads 
of  chaleur,  electro  chimie,  affinity,  atomicite,  etc.,  is  relatively 
fuller,  but  still  the  proportion  is  quite  small,  and  in  that  excellent 
manual  Remaen's  Theoretical  Chemistry,  the   second  edition  of 


ADDRESS  BT  JOHN  W.  LANGLET.  143 

which  was  published  last  year,  the  word  affinity  does  not  even 
occur  in  the  index.  The  causes  of  this  almost  complete  aban- 
donment of  a  word,  and  an  hypothesis  at  one  time  considered  of 
fundamental  importance,  can  best  be  traced  by  reviewing  briefly 
the  history  of  that  part  of  speculative  chemistry  which  is  related 
to  the  doctrine  in  question  ;  a  review  which  will  show  us  that  it  is 
the  word  only  which  has  become  obsolete,  the  idea  behind  it  is  still 
active  and  of  great  importance.  I  will,  therefore,  venture  to  ask 
your  attention  to  what  I  am  only  too  well  aware  is  but  a  sketch 
of  the  development  of  theories  concerning  the  nature  and  funda- 
mental cause,  or  causes,  of  chemical  phenomena. 

I.     The  Conception  of  Affinity . 

The  earliest  appearance  of  the  idea  which  has  since  been  named 
chemical  affinity  is  found  in  the  writings  of  Hippocrates  in  the 
flfth  century  B.  C,  where  the  opinion  is  expressed  that  when  two 
bodies  unite  to  form  a  compound,  a  certain  common  principle  must 
indwell  in  them,  for  it  is  laid  down  as  a  fundamental  postulate 
that  '^  like  unites  only  with  like,"  hence  the  two  bodies  must  pos- 
sess some  common  principle,  or  have  a  bond  of  kinship  between 
them.i 

This  conception  prevailed  with  more  or  less  clearness  for  several 
centuries,  but  it  is  not  till  the  year  1698  that  we  find  the  word 
affinitas  employed  and  defined.  It  first  occurs  in  the  writings  of 
the  alchemist  Barchusen,^  and  the  conceptions  of  Hippocrates  were 
still  the  ruling  ones.  Thus  Barchusen  explains  the  impossibility 
of  completely  isolating  the  four  elements  by  saying  that  they  have 
for  each  other  a  strong  affinity  which  causes  one  to  mingle  with 
another,  and  which  cause  is  derived  from  a  principle  common  to 
.them  all. 

Boerhaave,  the  celebrated  physician  of  Ley  den,  in  his  elements 
of  chemistry,  which  appeared  about  1732,  was  the  first  to  extend 
the  meaning  of  the  terra  affinitaa  or  Verwandtschaft,  since  he  says, 
*^  The  effort  also  of  like  substances  to  unite  is  due  to  the  working 
of  the  same  force  \"^  and  elsewhere  in  explaining  the  cause  of  so- 
lution, he  says,  ^^  In  this  last  case"  (that  of  the  action  of  aqua 
regia  on  gold),  ''  why  do  not  the  particles  of  gold,  which  are  nine- 
teen times  heavier  than  the  particles  of  aqua  regia,  collect  together 
in  the  bottom  of  the  vessel  ?  Do  you  not  see  clearly  that  there  is 
between  each  particle  of  gold  and  each  particle  of  aqua  regia  a 
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force  in  virtue  of  which  they  seek  each  other  out,  unite  and  retain 
each  other  ?"^  We  also  notice  in  Boerhaave's  writings  a  tendency 
to  regard  combination  as  due  to  the  attraction  of  opposite,  rather 
than  to  the  union  of  similar  qualities ;  for  he  compares  the  action 
of  an  acid  upon  iron  to  a  marriage,  and  says  that  tlie  combination 
comes  rather  from  love  than  hate. 

Two  of  Boerhaave's  successors,  St.  F.  Geoffroy  and  Torbem 
Bergman,  appear  to  be  the  authors  of  a  new  conception  which  was 
subsequently  known  under  the  name  of  elective  affinity.  Geoffroy 
attempts  to  indicate  the  order  of  chemical  actions,  or,  as  we  should 
now  call  it,  the  relative  intensity  of  combining  power,  by  arranging 
several  bases  in  the  order  in  which  they  displace  each  other.  Thus 
one  of  his  tables  was  the  following : 

Vitriolic  Acid.* 
Sel  alkali  fixed. 
Sel  alkali  volatile. 
Earths. 
Iron. 
Copper. 
Silver. 

It  was  soon  discovered,  however,  that  an  order  of  bases  which 
might  be  correct  for  one  acid  would  be  incorrect  for  another,  and 
that  a  given  substance  would  take  different  positions  in  the  two.- 
The  following,  which  is  a  portion  of  one  of  Bergman's  lists, 
published  in  1783,  will  show  the  fact.^ 

Gaseous  Acid.  Acid  of  Sugar. 

(Carbonic).  (Oxalic). 

Pure  heavy  earth.  Lime. 

Pure  lime.  Heavy  earth. 

Fixed  vegetable  alkali.  Magnesia. 

Fixed  mineral  alkali.  Fixed  vegetable  alkali. 

Magnesia,  etc.  Fixed  mineral  alkali,  etc. 

The  reversal  of  the  order  of  attraction  was  explained  by  as- 
suming the  existence  of  preferences  or  special  attractions  between 
acids  and  certain  bases  and  was  known  under  the  name  elective 
affinity,  a  term  which  has  remained  in  chemical  literature  till  quite 
recent  times,  and,  indeed,  was  very  generally  used  within  the  rec- 
ollection of  most  of  us  here  present. 
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The  chemist  Glauber,  1689,  was  one  of  the  first  to  recognize 
this  fact  of  differential  attractions.  He  teaches*^  that  ^'potash, 
lime  and  zinc  oxide,  with  application  of  heat,  drive  out  ammonia 
from  sal  ammoniac  because  the  zinc,  as  also  potash  and  lime,  is  of 
such  a  nature  that  it  has  a  great  community  of  interest  with  all 
acids,  loves  them  and  is  also  loved  by  them ;  accordingly  when 
warmed,  the  acid  of  the  salt  (muriatic)  attaches  itself  to  it,  combines 
with  it  so  that  the  sal  volatile  is  set  free  and  is  distilled  to  a  subtle 
spirit." 

The  next  advance  in  the  direction  of  precision  was  made  by 
Wenzel,  who,®  in  a  work  entitled  Lehre  von  den  Verwandschaften 
published  in  Dresden  in  1777,  showed  that  when  two  neutral 
salts  act  upon  each  other  by  double  decomposition,  the  new  salts 
formed  are  also  neutral  and  thus  prove  chemical  unions  to  be 
governed  by  some  general  law  which  determines  how  much  of  one 
acid  must  be  taken  to  displace  another.  Although  Wenzel's 
work  attracted  but  little  attention  at  the  time,  we  can  now  see 
on  looking  back  that  it  marked  a  very  important  discovery,  for  he 
must  be  regarded  as  the  first  man  who  apprehended  with  any  dis- 
tinctness that  fundamental  law  of  chemistry,  definiteness  of  action, 
which  was  subsequently  enunciated  and  is  familiar  to  us  to-day 
under  the  name  of  the  "law  of  definite  proportions." 

The  final  result  of  Wenzel's  discovery  was  the  establishment  of 
the  law  of  equivalent  proportions  through  the  labors  of  Richter, 
Thompson,  WoUaston,  Berzelius  and  others,  and  from  equivalent 
proportions  sprang  the  Daltonian  hypothesis  of  atoms  which  has 
developed  into  the  all  but  universally  accepted  atomic  theory  of 
the  present  day. 

The  atomic  theory,  however,  is  not  necessarily  coterminous 
with  hypotheses  about  afiSnity,  and  indeed  in  many  respects  it  is 
independent  of  them  ;  the  development  of  its  history  is  therefore 
foreign  to  the  purposes  of  this  paper,  but  if  we  turn  back  to  the 
period  which  immediately  follows  Wenzel's  discovery,  which  was 
that  of  the  re-birth  of  the  atomistic  theory  of  the  Greeks  under 
Dalton's  parentage,  we  see  that  it  emerged  from  opposing  views 
about  the  nature  of  aflSnity,  and  at  this  point,  therefore,  the  two 
speculations  have  a  common  history.  The  opening  of  the  present 
century  witnessed  an  active  controversy  between  the  advocates  of 
the  new,  or  equivalent  and  atomistic  school,  and  the  partisans 
of  the  older  philosophy.    Prominent   among  the  latter  stands 
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BerthoUet  who  was  a  consistent  and  earnest  opponent  of  the  new 
doctrines.  In  his  well-known  work  Essai  de  Statique  Chimique, 
published  in  1803,  he  maintains  the  proposition  that  all  unions 
are  caused  by  the  joint  action  of  two  forces  which  are  opposed  to 
each  other,  cohesion  and  elasticity.  He  denies  entirely  that  the 
union  by  equivalent  or  definite  proportions  is  a  fact.  In  opposi* 
tion  he  brings  forth  his  celebrated  theory  of  mass,  according  to 
which,  combination  occurs  under  the  influence  of  cohesion  and  in 
proportion  to  the  masses  of  the  reacting  bodies,  being  directly 
proportional  to  these  two  forces  and  inversely  proportional  to 
the  elasticity  or  volatility.  BerthoUet  considers  that  there  is  no 
distinction  of  kind  between  chemical  union  and  mixture  except 
that  in  tlie  first  the  action  of  cohesion  is  more  apparent.  He  says®, 
'*The  force  of  cohesion  is  often  a  cause  which  determines  combi- 
nations. Whenever  there  is  produced  some  solid  substance, 
whether  by  a  separation  or  by  a  combination,  we  must  look  in  the 
reciprocal  action  (cohesion)  of  the  parts  which  i*equire  solidity 
for  tlie  cause  which  produces  it,  although  it  did  not  manifest  it- 
self previously.  Alkalinity  and  acidity  have  no  influence  on  the 
reciprocal  action  of  salts  which  are  in  the  neutral  state,  but  all 
the  phenomena  which  they  produce  must  depend  on  the  properties 
which  emanate  from  the  reciprocal  action  of  their  integral  parts. 
In  the  mixture  of  liquid  substances  (neutral)  those  combinations 
which  ought  to  act  with  a  force  of  cohesion  capable  of  sepai*ating 
them  ought  to  be  formed  and  separated  in  fact." 

The  position  assumed  by  BerthoUet  was,  of  course,  finally  over- 
thrown by  the  improvements  in  methods  of  analysis  on  the  one 
hand,  and  by  the  Daltonian  theory  of  atoms  on  the  other ;  but  it 
is  a  noteworthy  fact  that  it  is  only  as  a  complete  and  universal 
explanation  of  chemical  action  that  Berthollet's  theory  fails.  In 
many  ros^^ects  his  position  still  holds  good,  and  his  views  on  the 
influence  of  mass  are  now  being  revived  and  partially  confirmed 
by  researches  made  within  the  prcsent  decade. 

The  progrcss  made  in  the  allied  science  of  physics  now  begins 
to  react  on  chemical  studies,  and  we  find  the  subject  of  electricity, 
which  was  opened  by  Galvani  and  Volta,  taken  up  and  pursued  by 
men  who  are  eminent  both  as  electricians  and  as  chemists.  Davy 
in  1807  and  later,  more  fully  in  1826,^®  introduced  the  electrical 
theory  of  the  nature  of  chemical  afllnity,  and  stated  that  "chemi- 
cal and  electrical  attractions  depend  upon  the  same  cause,  acting 
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in  one  case  on  particles,  in  the  other  on  masses  of  matter.'* 
His  contemporaries  and  successors,  Oersted t,  Grotthns,  Ampere, 
Becquerel,  Berzelius  and  Faraday,  amplifiAi  and  extended  the 
electrochemical  theory.  Grotthns  contributed  his  well  known 
hypothesis  of  liquid  polarization ;  Ampere  considered  that  each 
atom  is  surrounded  by  a  special  atmosphere  of  electricity,  positive 
and  negative,  and  that  combination  of  atoms  occurs  by  the  neutral- 
ization of  the  opposing  atmospheres.  Berzelius  held  that  the 
atoms  have  poles.  He  says,"  "Affinity  is  only  the  effect  of  the 
electrical  polarity  of  the  particles  ;  electricity  is  the  primary  cause 
of  their  chemical  action ;  it  is  the  source  of  the  light  and  heat 
disengaged  during  combination  ;"  and,  finally,  Faraday's  immense 
contribution  to  electro-chemistry  is  too  well  known  to  need  any 
further  mention  here. 

Notwithstanding  this  array  of  great  names,  and  the  stores  of 
experimental  knowledge  contributed  by  their  owners,  electrical 
hypotheses  do  not  seem  to  have  added  much  that  is  valuable  to 
the  theory  of  chemical  action  except  in  one  respect,  which,  how- 
ever, is  a  fact  of  the  utmost  importance,  namely,  that  whenever 
combination  or  decomposition  takes  place,  the  corresponding 
decrease  or  increase  in  value  of  the  affinity  involved  is  revealed 
as  a  definite  and  measurable  amount  of  energy,  which  may  be 
either  electrical,  thermal  or  mechanical. 

We  have  by  this  theorem  a  mode  of  measuring  affinity  quantita- 
tively ;  but  electrical  theories  do  not  establish  the  nature  of  this 
force  beyond  dispute,  and  this  is  shown  by  the  fact  that  the  English 
school  of  electricians,  under  the  leadership  of  Sir  William  Thomp- 
son,  have  for  some  years  been  divided  in  opinion  as  to  the  sources 
of  the  current  developed  by  the  Galvanic  battery,  between  the  old 
contact  theoi7  of  Volta  and  the  chemical  theories  of  Davy  and 
Faraday.  While  the  electro-chemical  theory  was  being  developed 
the  foundeiTS  of  the  atomic  theory  were  not  idle,  and  in  that 
wonderfully  fruitful  decade  which  witnessed  the  enunciation  of 
Dalton's  views,  we  find  also  the  nucleus  of  an  idea  which  has  an 
important  bearing  on  the  nature  of  affinity. 

In  1811  Avogadro^^  formulated  that  law  which  is  now  regarded 
as  the  strongest  bolt  in  the  framework  of  the  atomic  theory  ;  but 
in  stating  his  conclusions  in  regard  to  the  number  of  "elementary 
molecules"  in  equal  volumes  of  gases  he  necessarily  introduced 
the  conception  of  what  is  now  the  fundamental  distinction  between 
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atoms  and  molecules,  and  its  later  development  into  our  belief  in 
the  two  orders  of  combination,  atomic  and  molecular.  This 
theorem,  of  the  utmost  importance  to  the  atomists,  cannot  how- 
ever be  considered  as  a  material  contribution  to  the  theory  of  affini- 
ty, because  the  actions  of  this  force  are  experimentally  evident 
and  are,  therefore,  not  dependent  for  their  verification  on  the 
molecular  theory ;  but  the  form  which  this  idea  subsequently  took 
in  the  mind  of  Brodie  was,  on  the  contrary,  of  the  highest  import- 
ance, for  it  is  essentially  a  new  conception. 

In  his  paper  entitled  ^'On   the  state  of  the  elements  at  the 
moment  of  chemical  change,  "^^  this  chemist  regards  the  molecules 
of  elementary  bodies  as  composed  of  atoms.    The  difference  be- 
tween the  action  of  an  element  when  free  and  when  combined  is 
due  chiefly  to  the  fact  that  when  free  the  element  is  combined  with 
itself  in  the  form  of  an  integral  molecule.     He  says,  ^^The  general 
object  of  the  paper  may  be  considered  as  to  prove  that,  at  the 
moment  of  chemical  change,    the  same  chemical  relation  exists 
between  the  particles  of  which  certain  elements  consist,  as  be- 
tween the  particles  of  compound  substances  under  similar  circum- 
stances, on  which  relation  the  phenomena  of  combination  and 
decomposition  depend ;   that  in  short  (to  use  common  language), 
the  particles  of  the  element  have  a  chemical  affinity  for  each  other." 
It  is  true  that  Brodie's  terminology  is  drawn  both  from  the  atomic 
and  from  the  electro-chemical  theories,  for  he  uses  the  expression 
'^polar  relation"  instead  of  chemical  affinity,  but  his  idea  is  actual- 
ly independent  of  these  hypotheses ;  for  what  he  really  shows  is 
that  an  element  may  combine  with  itself.    What  is  new  and  orig- 
inal in  his  conception  is  that  affinity  can  be  exerted  by  one  por- 
tion of  an  element  on  another  portion  of  the  same  element,  and 
hence  there  is  no  distinction  of  kind  between  the  attraction  of  a 
body  for  other  substances  and  its  attraction   for  itself.     This 
must  certainly  be  regarded  as  an  important  extension  of  former 
ideas  about  combination.     How  fertile  it  is,  we  see  in  its  applica- 
tion to  the  structural  formulas  of  the  organic  chemistry  of  to-day. 
There  remain  three  discoveries  which  have  brought  modifications 
into  the  older  conceptions  of  affinity.    They  are,  1st,  The  influ- 
ence of  structure  or  position  ;  2nd,  The  subject  of  valence ;  8rd, 
The  periodic  law  applied  to  the  elements.    Two  of  these  discover- 
ies are,  compared  with  the  long  history  of  the  science  behind  them, 
almost  affairs  of  yesterday.    All  of  them  are  now  subjects  of  de- 
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bate  and  controversy,  and  they  have  taken  their  present  form, 
rather  from  the  nearly  simultaneous  labors  of  many  chemists,  than 
from  the  projecting  force  of  a  single  brain. 

To  trace  the  history  of  these  doctrines  would  be  difficult ;  to 
apportion  justly  the  share  of  merit  belonging  to  each  contributor 
would  be  impossible,  for  we  are  now  in  the  midst  of  the  struggle, 
conflict  and  change,  which  mark  the  progress  of  every  living 
idea,  in  the  same  way  that  they  are  necessary  accompaniments 
of  every  vital  organism. 

It  is  too  soon,  therefore,  for  any  one  to  know  what  part  is 
destined  to  remain  and  what  to  perish. 

The  germ  of  the  idea,  that  the  position  of  an  element  in  a 
compound  influenced  profoundly  the  ordinary  behavior  of  that 
element,  originated  on  the  one  hand  in  the  theory  of  radicles, 
which  owes  its  origin  to  De  Morveau,  1787,  Berzelius,  1817,  and 
especially  Liebig,  1832 ;  and  on  the  other,  in  Dumas*  discovery  in 
1834  that  chlorine  could  be  substituted  for  hydrogen.  Although 
the  term  radicle  as  now  used  means  something  quite  diflTerent  from 
Liebig*s  radicle,  it  is  certain  that  our  present  conception  of  acids, 
as  bodies  which  can  be  divided  into  hydrogen  and  an  acid  radicle, 
is  justified  only  from  the  discoveries  of  those  chemists.  It  is 
unquestionably  true  that  in  acetic  acid,  HC2H3O2  we  have  hydro- 
gen in  two  distinct  positions,  or,  if  I  may  be  allowed  the  expression, 
two  kinds  of  hydrogen :  one,  the  basic,  replaceable  by  a  metal ; 
the  other,  that  within  the  acid  radicle,  not  displaceable  by  a  metal, 
but  easily  removable  by  chlorine ;  and  further,  the  substituted 
chlorine  will  have  lost  its  familiar  characteristics :  for  example,  it 
will  no  longer  precipitate  silver,  but  will,  on  the  contrary,  assume 
a  part  of  the  duty  previously  borne  by  the  hydrogen  in  the  new 
acid,  chloracetic,  thus  formed.  Evidently  we  have  here  shown  to 
us  a  new  property  of  elements  brought  out  by  the  facts  of  substi- 
tution, and  shown  with  equal  distinctness  by  the  facts  of  isomerism. 
It  does  not  arise  from  the  particular  symbol  selected,  or  from  the 
expression  atom  and  molecule.  If  the  atomic  theory  wfere  aban- 
doned to-morrow,  the  above  indicated  experimental  diflTerentiation 
of  hydrogen  into  two  states  or  kinds  would  receive  our  rational 
indorsement,  though  all  our  vast  wealth  of  atomic  expression 
had  perished. 

The  invention  of  the  term  valence,  or  atomicity,  is  generally 
credited  to  Adolph  Wurtz,  but  the  idea  behind  the  names  grew  up 
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so  gradnally  from  the  theory  of  types,  from  the  stady  of  radicles, 
and  from  the  controversy  on  the  cause  of  etherification  and  also 
from  the  labors  of  Laurent,  Gerhardt  and  Sterry  Hunt,  that  it  is 
hardly  prudent  to  assign  any  specified  year  as  the  exact  date  of 
its  origin.  The  ^^periodic  law"  is  customarily  associated  with  the 
name  of  Mendelejefr,^^  and  modifications  in  the  form  of  the  law 
with  that  of  Lothar  Meyer.^^ 

There  is  also  an  English  chemist,  J.  Newlands,^^'  who  claims  to 
be  the  originator  of  the  discovery,  his  speculations  being  published 
in  1864,  while  MendelejefiTs  did  not  appear  till  1869.  Both  of  these 
conceptions,  valence  and  periodic  law,  are  immediate  outgrowths 
of  the  atomic  theory.  The  value  assigned  under  them,  and  even 
their  very  form,  depend  absolutely  on  our  choice  of  the  numbers 
expressing  atomic  weight ;  for  instance,  the  distinction  between 
monad  chlorine  and  dyad  oxygen  wholly  disappears  when  the  old 
symbols,  HO  for  water,  and  HCl  for  hydrochloric  acid  are  em- 
ployed. It  is  an  open  question  whether  valence  has  any  proper 
connection  with  afiSnity.  Many  chemists  make  an  absolute  dis- 
tinction between  them  ;  moreover,  the  doctrine  of  atomicity  is  so 
preeminently  a  living  issue  of  to-day  that  any  discussion  of  it  here 
would  be  out  of  place. 

Finally,  I  will  close  this  review  with  a  condensed  statement  of 
the  principal  theories  of  affinity,  taken  from  Watts'  Dictionary.^" 

1 .  '*  Chemical  combinations  are  prodticed  by  universal  attractions  J' 
The  most  noted  adherents  of  this  view  are  Newton,  who  con- 
sidered affinity  as  identical  with  the  force  of  gravitation,  and  Ber- 
thollet,  who  held  it  to  be  the  same  as  cohesion. 

2.  ''  Chemical  combinations  are  produced  by  a  peculiar  power 
called  affinity^  distinct  from  universal  attraxstion.*' 

Under  this  head  we  may  place  the  alchemists  and  the  believers 
in  elective  affinity. 

3.  ^^  The  union  of  heterogeneous  atoms  is  the  result  of  electrical 
altractions" 

This  includes  Davy,  Ampere,  Berzelius,  and  perhaps  Faraday. 

4.  '^  Chemical  action  results  from  a  consta^it  motion  among  the 
ultimate  particles  of  bodies^  this  same  movement  likewise  giving  rise 
to  tJie  pJienomefia  of  heat ^  light  and  electricity." 

This  is  Williamson's  theory  of  incessant,  atomic  interchange 
between  all  molecules  in  solution.  The  same  hypothesis  has  also 
been  sustained  by  Eekul6  and  Michaelis. 
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The  above  closes  this  very  imperfect  sketch  of  the  growth  of 
the  conc^tion  of  affinity,  but  it  ignores  the  important  dynamic 
problem  connected  with  it. 

Let  us  turn  our  attention  to  the  questions  of  force  and  energy 
which  form  so  important  a  part  in  the  history  of  every  chemical 
change. 

II.     Quantitative  Measurements  of  Affinity. 

The  earliest  attempts  to  measure  the  strength  of  affinity  appear 
to  be  those  of  Geoffrey  and  Bergman  by  arranging  the  several 
bases  in  the  order  in  which  they  combine  with  a  given  acid,  or, 
as  we  should  now  say,  ia  the  order,  in  which  they  replaced  each 
other.  Illustrations  of  these  tables  have  already  been  given,  and 
it  was  apparent  at  a  glance  that  the  elective  affinity  so  measured 
could  at  best  be  only  relative  to  some  one  reaction  arbitrarily 
chosen,  and  that  the  strength  of  attraction,  as  shown  by  the  order 
in  which  the  bases  were  arranged,  was  variable  and  depended  on 
the  nature  of  the  acid  selected. 

These  tables  were  amplified  and  improved  by  Young  and  Richter, 
the  latter  of  whom,  in  his  work  published  in  1792,^^  gave  numer- 
ical values  for  what  he  calls  the  capacities  of  saturation  which 
belong  to  the  several  acids  and  bases.  These  numbers,  however, 
do  not  express  the  strength  of  chemical  action  in  terms  of  force 
but  rather  the  weights  of  the  several  bases  which  combine  with  an 
acid ;  they  are,  therefore,  primitive  determinations  of  equivalent 
weights,  and  hence  they  belong  more  to  the  history  of  the  atomic 
theory  than  to  that  of  affinity. 

In  referring  to  the  law  of  Avogadro  I  said  that  while  he  intro- 
duced the  distinction  between  the  two  kinds  of  ^'  elementary  par- 
ticles" from  which  have  since  come  our  existing  beliefs  in  the  two 
kinds  of  union,  atomic  and  molecular,  still  his  proposition  could 
not  be  considered  an  important  contribution  to  the  theory  of  affin- 
ity while  it  rests  for  its  validity  on  the  language  of  the  atomic 
theory.  The  proof  of  this  conclusion  will  be  evident  when  we 
consider  that  the  same  discrimination  between  the  two  kinds  of 
chemical  action  was  very  clearly  foreshadowed  from  speculations 
concerning  the  value  of  chemical  attractions  before  Dalton's  h}'- 
pothesis  was  given  to  the  world. 

An  English  chemist,  William  Higgins,  professor  of  chemistry 
to  the  Dublin  Society,  published,  in  1 789,^0  a  work  in  which  the 
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composition  of  several  bodies  is  attributed  to  the  anion  of  nltimato 
particles/'  sulphuroas  acid  being  formed  of  one  particle  of  snlphar 
and  one  of  oxygen  ;  ^*  nitrons  air"  of  two  particles  of  dephlogis- 
ticated  air  and  one  of  phlogisticated  air,  etc.  He  assumes  that 
the  attractions  between  iron  and  phlogisticated  air  (oxygen)  may 
be  expressed  by  a  certain  number,  seven,  for  example ;  that  the 
force  between  sulphur  and  phlogisticated  air  will  then  be  repre- 
sented by  six  and  seven-eighths ;  finally,  that  the  iron  will  also 
attract  the  sulphur  and  the  oxygen  not  already  combined  with 
itself,  by  the  feebler  force  of  two.  Now,  under  these  conditions, 
the  iron  cannot  break  up  the  sulphur  compound,  nor  the  sulphur 
the  iron  compound,  but  both  the  phlogisticated  iron  and  sulphur 
will  be  united  into  a  compound  system  by  this  residual  force  of 
two,  existing  between  the  groups.  This  is  exactly  what  would  be 
represented  by  the  equivalent  symbol  for  ferrous  sulphate,  FeO, 
SO3,  where  the  oxide  of  iron,  FeO,  and  the  sulphuric  acid,  SO,, 
were  each  regarded  as  entire  or  binary  compounds  united  to  form 
the  ternary  body,  FeO,  SO3.  Shortly  after  these  attempts  of 
Higgins,  we  find,  in  the  opening  years  of  the  present  century,  three 
general  methods  indicated  for  the  study  of  the  force  of  affinity. 
Instead  of  being  successively  taken  up  and  abandoned,  like  all 
preceding  speculations,  they  have  remained  steadily  in  use  during 
the  eighty  years  which  have  intervened,  and  they  are  to-day  still 
the  most  promising  means  at  our  disposal.  These  three  methods 
may  be  called  the  thermal,  the  electrical  and  the  method  of  time 
or  speed.     It  will  be  convenient  to  consider  each  one  separately. 

The  thermal  method  was  first  indicated  by  Lavoisier  in  a  memoir, 
a  portion  of  which  will  bear  quotation.  He  say 8,21  "  The  equilib- 
rium between  the  heat  which  tends  to  separate  the  molecules  and 
their  reciprocal  affinities  which  tend  to  reunite  them  can  furnish  a 
very  precise  means  of  comparing  affinities  with  each  other ;  if  we 
mix,  for  example,  at  any  temperature  below  zero  (Centigrade),  an 
acid  with  ice,  it  (the  acid)  will  melt  it  until  it  is  so  enfeebled  that 
its  attractive  force  on  the  molecules  of  the  ice  becomes  equal  to 
the  force  which  makes  these  molecules  adhere  to  each  other,  and 
which  is  BO  much  the  greater  as  the  cold  is  more  considerable ; 
thus  the  degree  of  concentration  at  which  the  acid  will  cease  to 
dissolve  the  ice  will  be  so  much  the  greater  as  the  temperature  of 
the  mixture  is  lowered  below  zero,  and  we  can  refer  to  the  degrees 
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of  the  thermometer  the  affinities  of  acids  for  water  according  to 
yanous  degrees  of  concentration." 

This  method,  indicated  by  Lavoisier,  would  seem  to  be  a  prom- 
ising one,  bnt  it  has  never  been  followed,  so  far  as  I  know,  by  any 
body  nnless  it  may  be  by  Guthrie  in  his  investigation  of  cryohy- 
drates.s^ 

The  study  of  the  heat  enveloped  when  various  elements  unite  with 
each  other  and  when  acids  combine  with  bases  has  been  pursued 
by  many  observers.  The  literature  of  the  subject  is  already  large 
and  it  now  constitutes  a  very  important  branch  of  our  science 
under  the  title  of  thermo-chemistry.  Early  pioneers  in  this  field 
were:  Thomas  Andrews,  1844,^  Thomas  Woods,  1851,^  Favre 
and  Silberman,  1858,^  J.  Thomsen,  1853,^^  M.  Berthelot,  1864 
and  Alex.  Naumann.^'' 

The  work  of  Thomsen  entitled  '*  Thermo-chemische  Untersu- 
chungen,"  in  three  volumes,  published  at  Leipsic  in  1882,  and  that 
of  Berthelot,  '^Essai  de  Mechanique  Chimique "  in  two  volumes, 
Paris,  1879,  are  models  of  painstaking  and  exhaustive  research. 
By  the  labors,  chiefly  of  these  two  men,  we  now  know  the  thermal 
values  corresponding  to  many  thousands  of  chemical  reactions. 
We  have  learned  that  the  energies  of  a  reaction  which  can  be 
brought  about  in  two  methods,  either  in  the  dry  way  or  by  solution, 
differ  in  the  two  cases ;  that  salts  in  solution  are  in  a  partial  state 
of  decomposition ;  that  the  attraction  of  a  poly  basic  acid  radicle 
is  not  the  same  for  the  successive  portions  of  base  added,  and  that 
the  behavior  of  a  mono-basic  acid  in  solution  differs  essentially 
from  that  of  a  dibasic  or  tribasic  acid. 

The  most  important  generalization  to  be  drawn  from  thermo- 
chemical  phenomena  is  that  the  work  of  chemical  combination,  or 
the  total  energy  involved  in  any  reaction,  is  very  largely  influenced 
by  the  surrounding  conditions  of  temperature,  pressure  and  vol- 
ume, and  the  conclusion  they  force  upon  us  in  regard  to  the  nature 
of  affinity  is  most  important,  namely,  that  this  force  in  accom- 
plishing work  is  dependent,  like  all  other  forces,  on  the  conditions 
exterior  to  the  reacting  system  which  limit  the  possible  amount  of 
change.  Affinity  is  therefore  at  last  definitely  removed  from  the 
category  of  those  mystical  agents  so  often  invoked  by  our  prede- 
cessors in  a  less  critical  age  as  belonging  to  the  causes  which  had 
no  correlation  with  the  general  forces  of  nature. 

Under  the  title  Disaodatioriy  St.  Claire  Deville  gave  to  the  chem- 
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ical  world  in  1857,^8  a  new  and  fruitfdl  method  of  investigating 
the  nature  of  compounds.  By  determining  the  temperature  at 
which  bodies  break  up  or  are  dissociated,  he  was  able  to  perform 
a  purely  analytical  operation  on  them  not  complicated  by  the  in- 
troduction of  any  extraneous  form  of  matter,  and,  since  the  grad- 
ual increase  of  temperature  can  be  closely  adjusted  and  watched, 
we  have,  in  the  process  of  dissociation,  the  perfection  of  an  almost 
ideal  analysis. 

The  laws  developed  by  Deville  and  his  successors  in  this  field 
show  us,  that,  after  the  point  is  reached  at  which  decomposition 
commences,  the  Airther  breaking  up  is  determined  by  the  pressure 
of  the  evolved  pitnlucts  of  the  reaction,  so  that  the  permanence  of 
the  body  de|)ends  on  the  magnitude  of  the  two  variables,  pressure 
and  tem|>erature,  either  of  which  may  be  varied  at  will  through  a 
wide  range.  Deville  thus  gives  us  a  Aindamentally  new  mental 
tool  with  which  to  attack  the  problem  of  affinity  by  showing  the 
close  parallelism  between  chemical  decomposition  and  the  ordinary 
eva|K>ration  of  a  liquid  at  its  (x>int  of  maximum  tension. 

The  electrical  method  of  dissecting  chemical  forces  has  been 
followed  less  actively  than  the  thermal  one.  Besides  the  well 
known  experimenUl  contributions  of  Davy,  Becquerel  and  Fara- 
day^ many  otlier  more  rtK^nt  workers  have  studied  the  chemical 
changes  of  the  l>attory  and  the  electrolytic  cell.  Among  these 
may  l^e  mentioned  Joule's  ivsearchos  on  the  beat  absorbed  during 
electrolysis,  and  o$|>ociaUy  the  work  of  C,  R,  Adler  Wright  on  the 
**  Determination  of  Artlnity  as  Kloctromotive  Force,**  in  the  Phil- 
osophical Magazine  for  ISSO,  1S81  and  1882. 

The  general  outcome  of  tlie^  researches  is  tliat  the  prodocts  of 
electrolysis  aix>  so  numerous  and  so  varieii  by  the  results  of  sec- 
ondary actions,  that  il  in  very  donbtAd  wl>ot.her  the  eleciromotive 
fo!x*e  moasuixHl  \n  that  <luo  m>)ely  to  tlie  union  of  those  atoms 
which  aw  indioat<vl  l\v  tJ^e  )\rlnoipal  equation  of  the  reaction. 

The  method  of  time  or  ^^><H•»d  ofchen^ical  reactions  has  a  history 
as  old  s«  that  of  \\n  t^vo  awwtvislo*,  hut  the  storv  is  mnch  less 
event  Ad  for  very  little  work  \\nn  l>oen  done  in  this  field.  Wenzel 
held  thst  the  artiiuty  of  met«U  tor  a  o<>mmon  solvent,  such  as  ni- 
tric aoid,  wsi^  invorwoly  s»*  the  time  neocs^isn*  to  dissolve  them^ 
Ute  sttj%oke<1  wur(*rt«vn  t><»)ufi  eqn«l  and  in  variable.  He  experimented 
on  amall  o\  lin<lor'«  oov«Mvd  ^  ith  ^a\  evoejM  on  one  of  tlieir  bases.^ 

Tlie  moat  notable  work  in  tin*  Hold  has  lx»cn  done  bv  Gladstone 
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and  Tribe'^  by  ascertaining  the  rate  at  which  a  metallic  plate  could 
precipitate  another  metal  from  a  solution ;  also  by  Berthelot,  Mens- 
chntkin  and  others  who  have  studied  the  time  necessary  for  ether- 
ification.  The  rate  of  Inversion  of  cane  sugar  has  been  investigated 
by  Urech,  and  in  this  country  by  R.  B.  Warder. 

The  above  are  only  three  out  of  many  subjects  which  have  been 
studied  in  regard  to  their  time  rate.  An  index  to  the  literature 
of  this  subject  has  been  made  by  one  of  the  members  of  this  sec- 
tion, Pi-of.  R.  B.  Warder,  and  may  be  found  in  the  Proceedings  of 
last  year.3i 

To  these  general  methods  for  studying  the  problems  of  chemical 
dynamics  should  be  added  the  investigation  of  the  action  of  mass, 
by  Gladstone,  in  his  well-known  color  work  on  the  sulphocyanide 
of  iron  ;^  of  the  chemical  action  of  light  by  the  late  J.  W.  Dra- 
per33  in  this  country,  and  Prof.  H.  E.  Roscoe^*  in  England,  as 
well  as  BecquerePS  in  France,  pioneers  who  since  have  been  fol- 
lowed by  a  host  of  students  of  scientific  photography. 

In  the  review  just  given  no  attempt  has  been  made  to  do  more 
than  glance  at  the  important  contributions  to  the  theory  and 
methods  of  measuring  affinity.  Many  names  have  been  passed  by 
and  much  work  has  been  necessarily  ignored  owing  to  the  limits 
of  time  and  space  which  surround  the  writer  of  an  address  like 
this ;  but,  notwithstanding  the  presence  of  those  limits,  and  my 
consciousness  of  how  greatly  your  patience  has  been  drawn  upon, 
I  will  venture  to  add  a  few  words  on  one  other  phase  of  the  subject, 
and  that  is 

III.     The  Existing  Problem. 

The  history  of  the  various  modifications  and  additions  which 
have  been  made  to  the  primitive  conception  of  the  nature  of  affin- 
ity, when  briefly  summarized,  appears  to  be  this : 

Hippocrates  held  that  union  is  caused  by  a  kinship,  either  secret 
or  apparent,  between  different  substances. 

Boerhaave  believed  affinity  to  be  a  force  which  unites  unlike 
substances. 

Bergman  and  Geoffrey  taught  that  union  is  caused  by  a  selective 
attraction  and  therefore  they  called  it  "  elective  affinity." 

Wenzel  and  his  successors  showed  that  affinity  is  definite  in  ac- 
tion and  amount.    It  has  limits,  or  proceeds  j9€r  scUtum. 

Berthollet  contended  that  affinity  is  not  definite ;  he  proves  that 
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gions  of  the  mysterious  and  the  unknown.    When  we  look  for  an 
advance  in  precision  of  ideas,  for  a  logical  development  of  a  sat- 
isfactory theory,  or  for  generalizations  which  shall  help  us  better 
to  classify  chemical  phenomena  in  terms  of  force  and  energy,  we 
are  compelled  to  admit  that  the  years  have  not  brought  the  theory 
of  affinity  to  a  state  of  active  growth ;   rather  it  is  like  that 
strange  counterpart  of  a  living  tree,  the  branching  coral,  whose 
many  busy  workers  do  indeed  each  for  themselves  add  their  mites 
to  the  accretions  of  past  generations,  but  who  have  failed  with  all 
their  toil  to  infuse  that  mysterious  principle  which  would  make  of 
their  labors  a  living  organism  ruled  by  an  internal  law  of  growth. 
Affinity,  under  its  own  name,  is  no  longer   presented  in  recent 
manuals.     Chemists  have  more  and  more  turned  their  attention  to 
details,  to  accumulating  methods  of  analysis  and  synthesis,  to 
questions  of  the  constitution  of  salts,  to  discussions  about  graphic 
and  structural  formulae,  and  to  hypotheses  about  the  number  and 
an*angement  of  atoms  in   a  molecule ;   but  they  have  not,  until 
quite  recently,  made  systematic  attempts  to  measure  the  energies 
involved  in  reactions.     Wh}'?    I  believe  the  answer  can  be  found 
mainly  in  two  reasons.     First,  the  word  affinity  is  in  bad  odor ;  it 
dates  back  to  the  time  when  men  mistook  wild  guesses  for  ascer- 
tained facts ;  when  they  knew  not  the  distinction  between  physics 
and  metaphysics,  and  when  a  plausible   but  flexible  occult  cause 
was  a  more  welcome  guest  to   a  philosopher's  brain  than  a  stiff, 
bard  fact.    We  see  how  enormously   complicated  the  phenomena 
of  chemical   action  have  become,   and   we  have  lost  all  faith  in 
hypotheses  which  can  be  evolved  by  the  mere  force  of  metaphysical 
introspection.     Therefore,  we   are   afraid  to  retain  a  name  which 
once  belonged  to  an  idea  now  long  buried  in  the  limbo  where  so 
much  scholastic  rubbish  has  been  consigned,  and  hence  all  the 
facts  belonging  to  affinity  are  given  under  separate  heads,  and 
thus  they  lose  the  great  advantage  of  being  bound  together  under 
one  title. 

Secondly,  there  is  a  more  important  reason  arising  from  what 
has  hitherto  been  the  traditional  scope  of  our  science. 

Natural  philosophy  early  sought  the  aid  of  Mathematics,  and 
80  laid  the  foundation  for  the  comprehensive  physics  of  to-day. 
Astronomy  has  always  dealt  with  number,  and  hence  stands  as 
the  best  type  of  an  exact  science.  Mechanics,  in  its  analytical 
form  is  little  else  than  a  material  embodiment  of  algebra  and  geome- 
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try.  Chemistry  alone  of  the  physical  sciences  has  offered  no  foot- 
hold to  mathematics,  and  yet  all  her  transformations  are  governed  by 
the  numbers  which  we  call  atomic  weights.  What  is  it  which  causes 
Chemistry,  so  preeminently  the  analytic  science  of  material  things, 
to  be  the  only  one  of  her  group  which  does  not  invite  the  aid  of 
Mathematics,  the  great  analytic  science  of  immaterial  things  ? 

It  is  because  three  fundamental  conceptions  underlie  physics, 
while  only  two  serve  the  needs  of  the  chemist. 

If  I  may  borrow  an  analogy  from  geometry,  I  would  say  that 
physics  is  a  science  of  three  dimensions,  while  chemistry  is  a 
science  of  two  dimensions.  In  the  first,  nearly  every  transforma- 
tion is  followed  by  its  equation  of  energy  and  this  involves  the 
concepts  space,  mass,  time ;  while  in  the  second,  an  ordinary 
chemical  equation  gives  us  the  changes  of  matter  in  terms  of  space 
and  mass  only ;  that  is  to  say,  in  units  of  atomic  weight  and  atomic 
volume. 

Imagine  for  a  moment  what  physics  would  be  to-day  with- 
out those  grand  generalizations,  Newton's  theory  of  gravitation, 
Young's  undulatory  theory  of  light,  the  dynamic  theory  of  heat, 
the  kinetic  theoiy  of  gases,  the  conservation  of  energy  and  Ohm's 
law  in  electricity  I  Every  one  of  these,  except  the  last,  is  a  dy- 
namic hypothesis  and  involves  velocity,  that  is,  time,  as  one  of 
its  essential  parts.  In  comparison  with  the  above,  all  ordinary 
chemical  work  may  be  termed  the  registration  of  successive  static 
states  of  matter.  The  analyst  pulls  to  pieces,  the  synthetic  chemist 
builds  up ;  each  records  his  work  as  so  many  atoms  transferred 
from  one  condition  to  another,  and  he  is  satisfied  to  exhibit  the 
body  produced  quietly  resting  in  the  bottom  of  a  beaker  motion- 
less, static.  The  electrolytic  cell  tells  us  the  stress  of  chemism 
for  specified  conditions  as  electromotive  force ;  the  splendid  work 
done  in  thermochemistry  enables  us  to  know  the  whole  energy 
involved  when  A  unites  with  B,  or  when  A  B  goes  through  any 
transformation  however  intricate,  but  it  does  not  inform  us  of  the 
dynamical  equation  which  accompanies  them,  and  which  should 
account  for  the  interval  between  the  static  states. 

Whenever  we  look  outside  of  chemistry  we  find  that  the  lines  of 
the  great  theories,  along  which  progress  is  making,  are  those  of 
dynamic  hypotheses ;  if  we  go  to  our  biological  brethren  we  see 
them,  too,  moving  with  the  current;  the  geologist  studies  up- 
heavals, denudation,  rate  of  subsidence,  glacial  action  and  all 
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kinds  of  changes  in  reference  to  their  velocity ;  the  physiologist 
is  actively  registering  the  time  element  in  vital  phenomena  through 
the  rate  of  nervous  transmission,  the  rate  of  muscular  contraction, 
the  duration  of  optical  and  auditory  impressions,  etc. ;  and  we 
cannot  ignore  the  fact  that  all  the  great  living  theories  of  the 
present  contain  the  time  element  as  an  essential  part.  Now,  I 
cannot  but  ask  whether  one  reason  why  chemistry  has  evolved  no 
great  dynamical  theory,  that  the  word  affinity  has  disappeared 
from  our  books,  that  we  go  on  accumulating  facts  in  all  directions 
but  one,  and  fail  to  draw  any  large  generalization  which  shall  in- 
clude them  all,  may  not  be  just  because  we  have  made  so  little 
use  of  the  fundamental  concept,  time.  To  expect  to  draw  a 
theory  of  chemical  phenomena  from  the  study  of  electrical  decom- 
positions and  of  thermochemical  data,  or  from  even  millions  of 
the  customary  static  chemical  equations  would  be  like  hoping  to 
learn  the  nature  of  gravitation  by  laboriously  weighing  every 
moving  object  on  the  earth's  surface  and  recording  the  foot-pounds 
of  energy  given  out  when  it  fell.  The  simplest  quantitative  measure 
of  gravity  is,  as  every  one  knows,  to  determine  it  as  the  accelera- 
tion of  a  velocity ;  when  we  know  the  value  of  g  we  are  forever 
relieved,  in  the  problem  of  falling  bodies,  from  the  necessity  of 
weighing  heterogeneous  objects  at  the  earth's  surface,  for  they 
will  all  experience  the  same  acceleration !  May  there  not  be 
something  like  this  grand  simplification  to  be  discovered  for 
chemical  changes  also? 

The  study  of  the  speed  of  reaction  has  but  just  begun  ;  it  is  a 
line  of  work  surrounded  with  unusual  difficulties,  but  I  confidently 
believe  it  contains  a  rich  store  of  promise ;  all  other  means  for 
measuring  the  energies  of  chemism  seem  to  have  been  tried  except 
this.  Is  it  not  therefore  an  encouraging  fact  that  to  us,  the  chemists 
of  the  nineteenth  century,  is  left  for  exploration  the  fruitful  field 
of  the  true  dynamics  of  the  atom,  the  discovery  of  a  time  rate 
for  the  attractions  due  to  affinity?  I  like  to  think  so,  and  let  us 
hope  that  the  Newton  of  Chemistry  may  come  in  our  day  and 
while  we  yet  have  voices  to  honor  him. 
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Optical  methods  of  estim atino  sugar  in  milk.      By  Prof.  H. 
W.  Wiley,  Agricultural  Department,  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  contains  a  review  of  the  determination  of  specific  ro- 
tary power  of  milk  sugar  and  fixes  this  number  at  52.5  (a),,  as  the 
one  nearest  the  true  power.  Extensive  experiments  are  described 
with  various  reagents  for  precipitating  the  milk  albumen  in  which 
it  is  shown  that  the  commonly  accepted  method  by  basic  lead  ace- 
tate is  wholly  unreliable.  It  is  further  shown  that  perfectly  relia- 
ble results  can  be  obtained  by  using  acid  mercuric  nitrate  or  mer- 
curic iodide  acidified  with  acetic  acid.  The  paper  also  compares 
the  results  thus  obtained  with  those  reached  by  evaporating  the 
milk  to  dryness  and  extracting  sugar  with  aqueous  alcohol.  By 
numerous  combustions  with  soda  lime  it  is  shown  that  the  basic 
lead  acetate  does  not  remove  all  the  albumen  from  milk,  but  that 
there  is  left  in  solution  as  much  as  .25  per  cent  of  these  bodies. 
Since  they  are  all  laevorotatory,  the  effect  of  their  presence  is  to 
make  the  dextrorotatory  power  of  the  lactose  appear  too  small. 

Similar  combustions  show  that  while  the  mercury  reagents  do 
not  remove  all  the  albumen,  yet  they  do  so  to  such  a  degree  as 
to  reduce  their  disturbing  effects  to  a  minimum  and  render  them 
negligible.  The  paper  closes  with  directions,  based  upon  the  ex- 
periments given,  for  making  optical  analysis  of  sugar  in  milk  which 
are  both  reliable  and  speedy.  The  complete  paper  is  in  vol.  6 
No.  5,  of  the  American  Chemical  Journal. 


Ok  cblorpropiolio  acid  and  certain  substituted  acrtlio 
AND  propionic  ACIDS.  By  Prof.  C.  F.  Mabert,  Case  School  of 
Science,  Cleveland,  Ohio. 

[ABSTRACT.] 

Br  treating  chlorbromacrylic  acid  with  baric  hydrate  under  care- 
fully regulated  conditions,  I  find  that  the  elements  of  hydrobromic 
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acid  may  be  eliminated  with  the  formation  of  chlorpropiolic  acid. 
Although  this  acid  has  not  yet  been  obtained  perfectly  pure,  its 
identity  is  established  by  the  formation  of  addition- prod  nets  with 
hydrobromic  and  hydriodic  acids  both  of  which  have  been  analyzed. 

The  chloriodacrylic  acid  thus  obtained  melts  at  84^-85^  and  the 
chlorbromaciylic  acid  which  is  probably  identical  with  the  acid 
from  which  chlorpropiolic  was  prepared,  at  68^-70*'.  In  1879  Wal- 
lack  mentioned  briefly  the  formation  of  chlorpropiolic  acid  beside 
dichloracrylic  acid  as  one  of  the  products  of  the  decomposition  of 
chloralid  but  no  attempt  was  made  to  prepare  its  addition-products. 

I  have  also  observed  that  chlorine  is  readily  absorbed  by  chlor- 
bromacrylic  acid  and  at  ordinary  temperatures  the  formation  of 
the  addition-product  is  complete  in  a  few  hours.  The  resulting 
bromtrichlorpropionic  acid  forms  an  oil  with  water  and  is  quite 
soluble  in  carbonic  disulphide  from  which  it  separates  when  cooled 
to  0^  in  prismatic  crystals  which  melt  at  about  80^.  By  the  ac- 
tion of  baric  hydrate  in  aqueous  solution  the  elements  of  hydro- 
bromic acid  are  removed  forming  trichloracrylic  acid  with  a  melting 
point  of  about  75®. 

The  elements  of  hydrobromic  acid  are  easily  eliminated  from 
both  a  and  fi  dibromdicblorpropionic  acids  with  the  formation  of 
the  corresponding  bromdichloracrylic  acids.  These  acids  both 
melt  at  78^-80°  and  although  their  salts  show  certain  differences  in 
their  water  of  crystallization  the  acids  themselves  have  not  been 
sufficiently  studied  to  determine  whether  they  are  different  or  iden- 
tical in  form. 


Continuous  etherification.    By  Dr.  L.  M.  Norton  and  C.  0. 
Presoott,  Mass.  Institute  of  Technology,  Boston,  Mass. 

Since  the  examination  of  the  process  of  continuous  etherification 
by  Williamson,^  and  the  explanation  of  it  in  his  classical  research, 
our  knowledge  of  its  possible  applications  has  made  no  material 
progress.  The  formation  of  ethers  by  the  action  of  sulphuric  acid 
upon  alcohols  has  found  practical  application  only  in  the  manufac- 
ture of  ethyl  ether  in  the  manner  proposed  by  BouUay^  before  the 

s Ann.  d.  Chem.T.77, 37.  and  T.  81, 73.    > Jour.  Thar.  t.  1, 98. 
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course  of  the  reaction  was  nnderstood,  and  in  the  manufacture  of 
methyl  ether,^  which  is  now  used  extensively  for  cooling  purposes. 
We  have  re-examined  the  formation  of  ethyl  ether  by  this  process 
in  order  to  fix  more  carefully  the  limits  of  temperature  within  which 
the  reaction  can  be  effected,  and  also  the  temperature  at  which 
etherification  is  most  complete,  and  we  have  also  investigated  the 
behavior  of  propyl,  isobutyl  and  isoamyl  alcohols  when  subjected  to 
the  process  of  etherification.  We  have  examined  also  the  forma- 
tion of  mixed  etliers  by  this  process. 

Ethyl  Alcohol. 

The  apparatus  used  in  all  the  experiments  described  below  was 
essentially  that  originated  by  BouUay,  and  afterward  used  by 
Williamson.  It  consists  of  a  two-litre  flasis,  with  a  wide  mouth 
closed  by  a  cork  through  which  passes  a  thermometer,  a  drop- 
funnel,  and  a  delivery  tube  leading  to  a  condenser  cooled  continu- 
ally with  ice  water. 

In  the  first  series  of  experiments  200  grams  of  commercial  90 
per  cent,  alcohol  were  subjected  to  etherification  in  each  experi- 
ment. Twenty  grams  of  alcohol  were  mixed  with  36  grams  of 
ordinary  strong  sulphuric  acid,  placed  in  the  flask,  which  was  then 
heated  to  the  desired  temperature  in  an  oil-bath,  and  the  mixture 
was  maintained  at  the  desired  temperature  while  the  remaining 
alcohol  was  slowly  added  through  the  drop-funnel.  It  is  evident 
that  if  the  distillate  was  subjected  to  fractional  condensation  and 
the  undecomposed  alcohol  returned  to  the  generating  flask  and 
only  the  ether  collected,  in  sufficient  time  the  alcohol  would  be 
changed  to  ether,  even  at  a  temperature  far  too  low  for  advanta- 
geous etherification.  As  we  desired  to  examine  the  amount  of 
alcohol  changed  to  ether  at  different  temperatures,  we  allowed  the 
ether  and  undecomposed  alcohol  to  distil  together  from  the  gener- 
ating flask,  and  subsequently  subjected  the  distillate  to  fractionation. 
The  distillates  from  temperatures  below  160^  were  free  from  sul- 
phurous anhydride.  They  were  treated  with  solid  caustic  potash 
to  remove  any  traces  of  sulphuric  acid  and  then  distilled  from 
quick-lime.  After  three  fractionations,  the  portions  boiling  be- 
tween Zb"*  and  45^  were  weighed.  In  these  experiments  163  grams 
of  pure  ethyl  alcohol  were  available  for  etherification. 

•TeUier,  Arch.  Fhar.  y.  16, 57. 
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Temperatnre  of 

Weight  of  ether 

Per  cent  of  theoretical 

formatiOD. 

obtained. 

yield  of  ether. 

120M25'' 

12  grams. 

7*35  1 

}er  cent. 

125°-.130* 

27      " 

16.55 

130°-135* 

45      " 

27.58 

ISS^'-HO^ 

45      " 

27.58 

140^-145^ 

47      " 

28.81 

. 

145M50'* 

47      " 

28.81 

A  second  series  of  experiments  was  now  made,  and  the  distillates 
were  fractionated  with  the  utmost  care.  In  these  experiments  150 
grams  of  90  per  cent,  alcohol  were  used,  and  118  grams  of  ethyl 
alcohol  were  available  for  etherification.  The  specific  gravity  of 
the  ether  obtained  was  0.744  at  0°  compared  with  water  at  the 
same  temperature.  This  specific  gravity  would  indicate  the 
presence  of  a  minute  quantity  of  alcohol  in  the  ether. 


Temperature  of 
formation. 

Weight  of  ether 
obtained. 

Per  cent,  of  theoretical 
yield  of  ether. 

115M20'' 
120M25' 

5 

10 

grams. 

4.2  per  cent. 
8.4       " 

125^-130'* 

20 

16.8 

130^-135* 

33 

27.7 

135^-140** 

43 

36.1 

140M45* 

52 

43.6 

145^-150** 

47 

39.5 

ISO^-ISS*" 

49 

41.0 

155M60* 

48 

40.3 

160^-1 65- 

? 

These  results  would  indicate  that  the  action  of  alcohol  upon 
ethylsulphuric  acid  begins  at  a  temperature  much  lower  than  has 
been  supposed,  rises  in  rapidity  and  completeness  until  the  tem- 
perature of  145^  is  reached,  where  the  maximum  yield  of  ether  is 
obtained.  Above  150°  the  yield  begins  to  lessen,  and  doubtless 
the  formation  of  ethylene  begins,  but  the  yield  does  not  diminish 
greatly  until  160*^  is  reached.  At  160°  the  formation  of  sulphurous 
anhydride  begins  and  numerous  gaseous  products  are  evolved,  and 
the  sulphuric  acid  is  soon  destroyed,  as  has  been  observed  by 
others.^  Ether  continues  to  be  formed  above  160°  in  small  quan* 
titles,,  and,  according  to  Mitscherlich,^  is  even  found  among  pro- 
ducts formed  at  200°  and  above  that  temperature. 

«  Gmelia,  Haadbach  ▼.  4, 653.  •  Ann.  Ch.  Pbys.  v.  8, 7, 13 
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Propyl  Alcohol. 

We  were  unable  to  find  any  evidence  that  this  alcohol  was  ever 
subjected  to  the  process  of  continuous  etherification.  We  took  50 
grams  of  propyl  alcohol  for  our  experiment.  Fifteen  grams  were 
mixed  with  20  grams  of  sulphuric  acid,  the  mixture  heated  at  Idd**, 
and  the  remaining  alcohol  added  in  the  usual  way.  A  colorless 
distillate  was  obtained,  at  the  same  time  there  was  a  slight  evolu- 
tion  of  sulphurous  anhydride  and  a  slight  deposition  of  tar  in  the 
generating  flask.  The  distillate  was  treated  with  solid  caustic  pot- 
ash, then  distilled  from  lime,  and  was  found  to  boil  between  80^ 
and  90^.  It  was  next  washed  with  water,  distilled  again  from  lime, 
and  then  allowed  to  stand  with  sodium  until  all  action  ceased.  Its 
boiling  point  was  then  between  82^  and  84^ ;  it  possessed  a  strong 
ethereal  odor,  and  agreed  in  all  respects  with  the  propyl  ether 
described  by  Chancel  ®  and  Linneman.''  The  yield  is  very  good, 
and  this  method  will  prove  the  most  convenient  for  the  preparation 
of  propyl  ether. 

Isobutyl  Alcohol. 

It  is  well  known^  that  at  a  high  temperature  sulphuric  acid  with- 
draws  water  from  isobutyl  alcohol  and  produces  isobutylene.  We 
have  subjected  isobutyl  alcohol  to  the  ordinary  process  of  con- 
tinuous etherification  at  120''  and  also  at  ISd"*.  In  both  cases  sul- 
phurous anhydride  was  freely  evolved,  and  tar  remained  in  the 
generator. 

A  yellowish  distillate  was  obtained,  which  upon  purification  and 
fractionation  proved  to  consist  of  undecomposed  isobutyl  alcohol. 
We  were  unable  to  obtain  any  appreciable  quantity  of  isobutyl 
ether. 

Isoamyl  Alcohol. 

We  next  investigated  the  behavior  of  isoamyl  alcohol  under  the 
ordinary  conditions  of  continuous  etherification.  At  temperatures 
very  little  above  100^  a  violent  action  begins,  and  sulphurous 
anhydride  is  freely  evolved.  Before  the  temperature  of  140^  can 
be  reached  the  sulphuric  acid  is  destroyed,  and  only  tar  remains  in 
the  generator.  As  isoamyl  ether  boils  at  176°  it  is  evident  that  it 
cannot  be  produced  by  this  method.    Below  140°  a  distillate  was 

•Ann.  d.  Chem.  ▼.  161, 804.  *  Llnneman,  Ann.  d.  Chem.  t.  161,  87. 

■L«rmontoff,  Ann.  d.  Chem.  t.  196, 117,  H  al. 
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obtained,  which  proved  to  contain  andecomposed  isoamyl  alcohol 
and  hydrocarbons  of  the  CqHsb  series.  We  were  unable  to  con- 
firm the  statement  of  Balard®  that  small  quantities  of  isoamyl  ether 
are  formed  by  the  action  of  sulphuric  acid  upon  isoamyl  alcohol. 

Methyl  and  Ethyl  Alcohols. 

The  authority  for  the  statement  that  mixed  ethers  can  be  obtained 
by  the  process  of  continuous  etherification  rests  upon  two  experi- 
ments of  Williamson  .^0  It  seemed  desirable  to  test  the  applicability 
of  this  process  to  the  formation  of  mixed  ethers  anew,  especially 
as  Guthrie^^  was  unable  to  repeat  one  of  Williamson's  experiments. 
We  chose  for  an  experiment  a  mixture  of  methyl  and  ethyl 
alcohols,  containing  1  mol.  of  CHgOH  to  1  mol.  of  CsH^OH. 
This  mixture  was  treated  in  the  usual  manner  at  140°,  and  the 
utmost  care  observed  in  condensing  the  products.  A  colorless 
distillate,  free  from  sulphurous  anhydride,  was  obtained,  and  at 
the  same  time  a  gas,  which  we  were  unable  to  condense,  escaped 
from  the  apparatus.  This  gas  possessed  a  strong  ethereal  odor, 
and  was  doubtless  methyl  ether,  which  boils  at  — 23''.  The  distillate 
resolved  itself  upon  fractionation  into  three  portions,  one  boiling 
from  10°-15°,  the  second  from  d0°~40°,  and  a  third  portion  con- 
sisting of  undecomposed  alcohols.  We  obtained  from  the  portion 
boiling  lowest  a  considerable  quantity  of  a  liquid  boiling  between 
10°  and  13°,  possessing  a  strong  ethereal  odor,  and  corresponding 
in  every  respect  with  the  methyl-ethyl  ether  prepared  by  William- 
son^^, from  sodium  alcohol  ate  and  methyl  iodide,  and  also  by 
Wiirtz^^^  by  the  action  of  a  mixture  of  methyl  iodide  and  ethyl 
iodide  upon  silver  oxide.  The  portion  of  the  distillate  boiling  be- 
tween 30°  and  40°  consisted  mainly  of  ethyl  ether.  The  yield  of 
the  mixed  ether  was  very  good.  The  three  possible  ethers  appear 
to  be  formed  simultaneously,  but  the  mixed  ether  is  formed  in 
much  the  largest  proportion. 

Ethyl  and  Propyl  Alcohols. 

A  mixture  of  equivalent  parts  of  these  alcohols  was  next  treated 
in  the  usual  manner.  A  colorless  liquid  was  obtained,  which 
resolved  itself  upon  fractionation  into  ethyl  ether,  a  mixture  of 
ethyl  and  propyl  alcohols,  and  a  portion  boiling  between  60°--80°. 

*Ann.  d.  Chem.  et  Phva.  t.  8»  IS,  804.  '^Ann.  d.  Chem.  t.  81,  77. 

^lAiiD.  d.  Chem.  v.  105, 37.   I'Aon.  d.  Chem.  ▼.  81,  77.   I'Ano.  Ch.  Fliys.  v.  3, 46, 2^. 
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The  portion  boiling  between  60^  and  80^  was  washed  with  water, 
distilled  from  qaick-lime,  and  finally  treated  with  an  excess  of 
sodium  to  remove  any  alcohols  present,  and  rectified.  The  liquid 
then  boiled  between  66°  and  68°,  and  possessed  an  ethereal  odor, 
and  gave  the  following  results  upon  analysis:  0.2286  gram  of 
substance  furnished  0.5620  gram  of  CO2  and  0.2827  gram  of 
HjO. 

Theory  for  GgHrOCtHf .  Foand. 

C  68.17  67.04 

H  13.64  13.74 

The  analysis  leaves  no  doubt  that  the  substance  is  the  ethyl- 
propyl  ether  which  was  first  prepared  by  ChanceU*  by  the  action  of 
ethyl  iodide  upon  propyl  alcohol  and  caustic  potash. 

Ethyl  and  Isobutyl  Alcohols. 

Equivalent  parts  of  these  alcohols  were  subjected  to  the  usual 
treatment.  Sulphurous  anhydride  was  freely  evolved,  and  a  yellow 
distillate  with  a  very  disagreeable  odor  obtained.  The  distillate 
consisted  almost  entirely  of  undecomposed  alcohols  and  no  ether 
could  be  obtained  from  it.  The  mixture  behaved  exactly  as  did 
the  isobutyl  alcohol  alone. 

Methyl  and  Isoamyl  Alcohols, 

Metbylisoamyl  ether  was  prepared  by  Williamson^*  by  the  con- 
tinuous etherification  of  a  mixture  of  these  alcohols.  We  repeated 
his  experiments,  following  his  directions  with  the  utmost  exactness. 
Sulphurous  anhydride  was  evolved  in  large  quantities.  In  the  dis- 
tillate obtained  we  found  undecomposed  alcohols  and  products 
similar  to  those  obtained  from  isoamyl  alcohol  alone  under  like 
conditions,  but  were  unable  to  detect  the  presence  of  metbyl- 
isoamyl ether.  We  made  repeated  attempts  at  185°  and  140°,  but 
the  distillate  in  every  case  consisted  almost  entirely  of  the  alcohols 
which  had  distilled  undecomposed  as  soon  as  the  sulphuric  acid 
had  been  all  reduced.  An  attempt  by  Guthrie^^  to  obtain  ethyl- 
isoamyl  ether  by  continuous  etherification,  in  the  manner  described 
by  Williamson,  gave  similar  results,  and  Guthrie  was  unable  to 
obtain  the  ether  by  this  method.  As  our  experiments  show  that 
etherification  does  not  take  place  to  any  extent,  certainly  in  the 

i«Zeit.  f.  Chem.  1869, 867.         >«Adii.  d.  Chem.  y.  81,  77.        ^•Ann.  d.  Chem.  v.  105, 87. 
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case  of  ethyl  alcohol,  below  105^,  and  as  isoatnyl  alcohol  decom- 
posed sulphuric  acid  with  the  evolution  of  sulphurous  anhydride  at 
that  temperature,  it  is  evident  that  the  ordinary  process  of  contin- 
uous etherification  can  only  be  applied  to  the  formation  of  the 
simple  and  mixed  ethers  from  the  simplest  alcohols,  and  it  is  not 
probable  that  it  can  be  used  satisfactorily  for  the  etherification  of 
alcohols  containing  more  than  three  atoms  of  carbon. 


Amthraoekb  from  water-gas  tar.     By  Arthur  H.  Elliott, 
School  of  Mines,  Columbia  College,  New  York,  N.  Y. 

fABSTRAOT.] 

This  paper  treats  of  the  determination  of  anthracene  in  various 
samples  of  water-gas  tar  as  obtained  from  gas-works  using  this  so* 
called  water-gas  process.  The  tar  is  obtained  in  that  part  of  the 
process  where  the  mixture  of  carbonic  oxide  and  hydrogen  contain- 
ing the  vapor  of  petroleum  naphtha  is  passed  through  red  hot  re- 
torts, and  the  members  of  the  paraffine  series  of  hydrocarbons  be- 
come, under  the  influence  of  the  heat,  converted  into  a  mixture  of 
ethylene,  acetylene  and  members  of  the  aromatic  series. 


On  the  CHBiiiSTRT  OF  FISH.     By  Prof.  W.  O.  Atwater,  Wes- 
leyan  University,  Middletown,  Conn. 

[ABSTRACT.] 

This  paper  gives  a  brief  account  of  the  progress  of  an  investi- 
gation of  the  chemical  composition  and  nutritive  values  of  Ameri- 
can fooil-fishes  and  invertebrates,  which  is  being  conducted  in  the 
laboratory  of  Wesleyau  University  under  the  auspices  of  the 
Smithsonian  Institution  and  the  United  States  Fish  Commission, 
and  of  which  brief  accounts  were  presented  at  the  Boston  and 
Cincinnati  meetings  of  the  Association. 

In  its  present  status  the  investigation  includes : 

1«    Chemical  analyses  of: 
a  Flesh  of  fish,  118  specimens  belonging  to  51  species. 

b       **    "  invertebrat^js,  G4        "  "         "11      " 

Total,  18i        "  "  "62      " 

2»    Ex|>orimont«  u^x)n  tlie  digestibility  of  the  flesh  offish. 

S«  Studies  of  the  chemical  constitution  of  the  mascalar  tissues 
offish* 
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A    PRELIHINART    REPORT  ON    THE    COMPOSITION    OF    THE  GOALS   OF 

I 

Kansas.    By  Prof.  E.  H.  S.  Bailet,  State  University,  Law- 
rence, Kansas. 

[ABSTRACT.] 

The  coalyneasures  that  underlie  the  eastern  portion  of  Kansas 
are  more  extensively  worked  than  ever  before.  The  inclination  of 
the  strata  towards  the  N.  W,  carries  the  beds  deeper  from  the  sur- 
face as  we  advance  in  this  direction.  Veins  3^  ft.  in  thickness  are 
found  in  the  extreme  S.  E.  while  those  worked  in  the  Osage  region 
are  often  only  15  in.  thick.  Without  giving  details  as  to  the  occur- 
rence of  the  coals,  an  examination  of  the  composition  of  samples 
from  the  principal  localities  has  given  the  following  results : — 


Name. 

Cher- 
okee. 

Pitt8- 

bnrg. 

Ft. 
Soott. 

Osage 
Co. 

Burlln- 
game. 

Scran* 
ton. 

Leaven, 
worth. 

Warren 
Co.,  Mo. 

Elk 
Co.  Pa. 

Moisture. 

806 

8  10 

590 

13  06 

12  81 

1168 

886 

6  76 

1  70 

Vol.  and  Combust. 

86  58 

35  88 

28  20 

87  68 

39  66 

86  44 

86  94 

86  40 

36  82 

Fixed  carbon. 

ft5  04 

65  66 

54  10 

88  88 

89  79 

42  46 

45  67 

45  76 

66  60 

Ash. 

582 

6  87 

12  06 

10  49 

825 

9  52 

908 

1110 

3  61 

Total. 

100  00 

100  00 

100  00 

100  00 

100  00 

100  00 

100  00 

98  63 

Snlphnr. 

8  91 

282 

826 

524 

2  74 

446 

S23 

136 

C. 

1  54 

1  AR 

102 

102 

100 

116 

112 

126 

163 

Vol.  ana  Comb. 

If  the  moisture  and  impurities  are  eliminated  and  the  per  cent 
of  heat-producing  constituents  only  is  considered,  calculating  the 
per  cent,  and  dividing  C  by  volume  and  combustible  matter  gives 
the  lower  line  of  figures.  This  gives  abetter  opportunity  to  com- 
pare the  different  coals.  It  will  be  noticed  that  the  S.  E.  coals,  viz., 
Cherokee,  Pittsburg,  and  Ft.  Scott,  properly  belong  to  one  class, 
while  those  occurring  in  later  strata,  as  Osage  Co.,  etc.,  belong  to 
another.  The  latter  contain  more  volume  and  combustible  matter 
in  proportion  to  fixed  carbon  as  would  be  expected  of  later  coals 
and  those  more  closely  related  to  true  lignites. 
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Fericentation  without  combined  nitbogek.     By  Dr.   Alfred 
Sprikgbe,  Cincinnati,  Ohio.  • 

[AB8TRACT.1 

Before  entering  into  detail  concerning  the  results  attained  in 
m}'  experiments  in  this  direction,  I  wish  to  make  a  few  remarks  on 
the  great  liability  to  error,  to  which  the  experimentalist  is  exposed 
at  every  step  owing  to  the  extreme  minuteness  of  the  ferments  in 
question. 

A  good  ^  objective  with  a  high  eye-piece  shows  the  ferments  as 
colorless  rods,  {  of  an  inch  in  length  and  about  ^  in  width,  very 
difficult  to  distinguish  from  the  fluid  in  which  they  are  immersed. 
Again  unless  many  are  under  the  field  of  vision,  it  is  almost  impos- 
sible to  determine  whether  they  possess  motion  independent  of  the 
Brownian  movement.  Although  there  may  be  thousands  present 
in  one  drop  of  fluid,  yet  their  mass  is  infinitely  small  compared  to 
it,  therefore  an  analysis  of  the  fluid  can  be  but  a  poor  criterion  of 
their  composition. 

About  two  3*ears  ago,  while  experimenting  with  infusions  of  the 
roots  of  plants  in  water,  I  discovered  a  ferment  which  possessed 
the  power  of  dissociating  the  nitrates  of  the  soil.  I  noticed  a 
copious  evolution  of  nitric  oxide  proceed  from  roots  rich  in  nitrates. 
It  immediately  struck  me,  that  this  arose  from  the  action  of  small 
organisms  which  covered  the  roots  of  plants. 

Starting  out  with  this  idea,  I  made  separate  infusions  of  the  roots, 
stems  and  leaves  of  tobacco,  dividing  each  set  into  four  parts. 
Fermentation  was  excited  in  the  first  by  the  addition  of  small 
quantities  of  yeast,  in  the  second  by  urine,  in  the  third  by  the 
so-called  spontaneous  method,  and  in  the  last  by  the  newly  dis- 
covered ferment.  Not  only  were  the  nitrates  originally  present 
completely  dissociated,  but  also  considerable  quantities  of  freshly 
added  nitrates  underwent  the  same  process.  AH. the  Infusions 
contained  amongst  other  ferments  one  special  kind,  noticeable 
b}'  its  extreme  activity.  In  appearance  it  closely  resembles  the 
butyric  ferment,  being  composed  of  small  cylindrical  rods  rounded 
at  the  extremities,  generally  isolated,  or,  when  joined,  two  by  two, 
acting  as  one  body.  They  move  rapidly  with  a  wriggling  motion 
and  often  bend  their  bodies  until  they  form  a  perfect  circle. 

While  continuing  my  researches  on  the  functions  of  this  ferment, 
it  occurred  to  me  that  owing  to  their  ejecting  the  nitrogen  they 
might  possibly  make  use  of  only  a  very  limited  supply  thereof.    In 
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order  to  prove  this  I  added  the  nitrogen  in  the  form  of  potassium 
nitrate  and  ammonium  carbonate. 

Eight  flasks  with  starch  in  solution  and  traces  of  potassium 
phosphate  and  magnesium  sulphate  were  sowed  with  an  imponder- 
able trace  of  the  ferment.  To  four,  potassium  nitrate,  and  to  the 
other  four  ammonium  carbonate,  was  added  in  decreasing  quanti- 
ties. Calcium  carbonate  was  then  added  to  counteract  too  great 
acidity.  All  the  flasks  containing  variable  quantities  of  potassium 
nitrate  fermented  in  the  same  length  of  time,  and  sooner  than  those 
containing  the  nitrogen  in  form  of  ammonium  carbonate ;  these 
also  ferment  independent  of  the  amount  of  ammonium  carbonate 
present. 

The  next  step  taken  was  to  exclude  nitrogenous  constituents 
from  the  next  four  flasks.  To  my  surprise  fermentation  set  in  six 
days  after  a  trace  of  the  ferment  was  added.  Thinking  that  starch 
might  contain  some  gluten,  I  then  took  some  pure  white  rock-candy, 
recrystallized  it  from  alcohol  three  times,  added  potassium  phos- 
phate, magnesium  sulphate  and  calcium  carbonate  ;  sowed  the  fer- 
ment therein  and  in  each  case  an  active  fermentation  set  in,  result- 
ing in  the  formation  of  butyric  acid. 

The  utmost  care  was  taken  in  all  these  experiments,  the  flasks 
carefully  stopped  with  cotton  so  that  nothing  but  filtered  air  could 
pass  into  them.  These  experiments  differ  so  materially  from  any- 
thing ever  before  observed  that  I  cannot  do  otherwise  than  state 
the  bearings  they  must  have  on  the  study  of  fermentation  and  life 
itself.  Provided  there  was  no  error  and  I  feel  almost  certain  there 
was  not,  the  ferments  could  do  only  one  of  two  things,  either  ab- 
stract nitrogen  from  the  air,  or  use  no  nitrogen  at  all.  The  first 
of  these  cases  seems  improbable  for ,  the  following  reasons :  nitro- 
gen has  very  little  afiSnity  for  the  other  elements  entering  into  the 
composition  of  life ;  if  nitrogen  were  abstracted  from  the  air  the 
ferments  would  be  apt  to  remain  on  the  surface  of  the  fluid,  to 
which  the  air  would  have  access ;  but  this  is  not  the  case,  for  the 
ferments  are  found  in  all  parts  of  the  fluid.  Lastly,  three  combus- 
tion analyses  and  staining  fluids  under  the  microscope  showed  no 
trace  of  albuminoid  matter.  The  combustion  analyses  were  made 
two  weeks  after  the  sowing  of  the  ferments  and  the  objection  might 
be  made  that  not  enough  ferments  had  yet  developed  to  show  the 
presence  of  nitrogen.  At  any  rate  I  will  make  some  more  analy- 
ses when  six  weeks  have  elapsed. 
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The  second  reason  ivhich  might  be  attributed  to  fermentation 
without  combined  nitrogen  is  as  before  observed,  that  the  ferments 
assimilate  none :  yet  they  propagate,  they  convert  sugar  into  bu- 
tyric acid.  Grenerations  succeed  generations  and  each  ferment 
when  examined  under  the  microscope  shows  independent  motion. 
But  fermentation  and  motion  without  nitrogen  is  life  without  nitro- 
gen, life  without  albumin,  life  without  protoplasm ;  "the  physical 
basis  of  life." 

Should  these  results  be  verified  by  further  investigations,  proto- 
plasm can  no  longer  occupy  the  position  thus  far  given  it  and  there 
must  be  lower  forms  of  motion  and  life  than  heretofore  recog- 
nized. 

The  ferments  closely  resemble  the  nitrate  ferments  but  are  much 
less  active.  They  wriggle  along  very  slowly  either  isolated  or  two 
by  two. 

I  have  not  yet  had  the  time  to  examine  the  influences  of  many 
chemical  reagents  on  them.  Iodine  and  nitric  acid  do  not  affect 
them  for  some  time.    Chloroform  kills  them  immediately. 

I  give  these  remarks  as  the  result  of  the  preliminary  work  on  a 
series  of  experiments  I  am  making  now  in  my  laboratory  in  con- 
nection with  them. 


Examination  of  methods  proposed  for  rendering  the  lighter 

PETROLEUM  OILS  INEXPLOSIVE.      By   Prof.    ChAS.   E.   MuNROE, 

U.  S.  Naval  Academy,  Annapolis,  Md. 

[AB8TSA0T.] 

It  having  been  seriously  suggested  that  alum,  sal  ammoniac 
and  camphor  could  be  used  to  render  the  lighter  petroleum  oils 
inexplosive  and  it  having  been  found  in  practice  that  camphor  did 
diminish  veiy  markedly  the  readiness  with  which  explosive  gela- 
tine or  gum  dynamite  could  be  exploded  the  author  has  tested  the 
effect  of  the  above  bodies  by  determining  their  solubility  in 
benzoline ;  the  flashing  points  of  benzoline  and  commercial  kero- 
sene when  treated  with  these  bodies  and  when  in  their  original 
state,  and  also  the  readiness  with  which,  mixtures  of  the  oils,  in 
the  two  conditions,  with  air  could  be  exploded.    The  results 
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showed  that  alam  and  sal  ammoniac  were  practically  insolable  in 
the  oils  and  prodaced  no  effect  upon  them:  that  the  camphor 
was  soluble,  1  gram  of  benzoUne  dissolving  about  1.5  gram  of 
camphor,  that  an  equal  weight  of  camphor  raised  the  flashing  point 
of  a  kerosene  12°,  but  that  on  the  other  hand  the  vapor  of  this 
camphorated  kerosene  when  mixed  with  air  exploded  with  greater 
readiness  than  the  original  kerosene. 


The  ohbmistrt  of  the  roller  milling  process.    By  Clifford 
Richardson,  U.  S.  Agricultural  Department,  Washington,  D.C. 

[ABSTRACT.] 

The  modem  method  of  milling  by  means  of  rolls  has  been  pro- 
ductive of  such  radical  changes  in  the  business  of  flour  manufac- 
ture and  the  number  of  products,  intermediary  products  and  bye 
products  are  so  numerous  that  it  is  of  interest,  in  following  the 
wheat  through  the  various  steps,  to  study  the  chemical  composition 
of  the  material  resulting  from  all  of  the  processes  to  which  the 
grain  is  subjected. 

The  specimens  upon  which  the  following  experiments  have  been 
made  are  from  one  of  the  largest  mills  in  Minneapolis,  Minn.,  and 
are  the  result  of  milling  Minnesota  ^'Hard  Spring  Wheat." 

As  the  wheat  enters  the  mill  it  is  of  course  contaminated  with 
foreign  seeds  and  dirt  which  are  removed  by  appropriate  machineiy. 
It  is  then  put  through  a  run  of  stones  which  are  set  suflSciently  far 
apart  to  remove  only  the  fhzz  from  the  end  of  the  berry  and  a 
small  portion  of  the  outer  coats.  A  brush  machine  then  thorough- 
ly cleans  the  wheat  and  leaves  it  ready  for  gradual  reduction  by 
the  rolls  or  breaks.  These  consist  of  corrugated  rolls  of  various 
forms  revolving  at  different  rates  of  speed  thus  enabling  one  roll 
to  tear  apart  the  grain  which  is  held  by  the  projections  of  the 
other.  The  products  of  these  several  breaks  go  to  separators  or 
scalping  reels  where  the  fine  material  or  chop  is  removed  and  the 
coarser  particles  go  on  to  the  next  break  finally  emerging  from 
the  last  as  bran. 

The  chops  by  means  of  purifiers  and  bolts  are  freed  from  the 
branny  portions  and  fine  fiour  and  the  middlings  graded  into  several 
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classes  which  go  to  smooth  rolls  for  redaction  to  floar  or  in  part 
to  a  run  of  stones.  The  resulting  flours  are  graded  according  to 
their  quality  by  various  bolts  and  the  bye  products  of  all  these  pro- 
cesses are  collected  as  shorts  and  the  various  kinds  of  tailings, 
dust  and  low  grade  flours  all  of  which  appear  in  the  representative 
samples  which  have  been  analyzed. 

One  of  the  peculiar  advantages  of  the  process  is  the  removal 
in  the  flrst  few  boltings  after  the  use  of  the  scalping  reels  of  the 
greater  part  of  the  gum  of  the  grain  which  when  passed  through 
smooth  rolls  with  the  tailings  are  easily  flattened  and  separated 
by  appropriate  bolting  machinery,  thus  making  it  possible  to 
produce  a  flour  uncolored  by  the  oily  and  nitrogenous  matters  of 
the  gum. 

The  results  which  have  been  obtained  in  the  analyses  of  the 
specimens  referred  to  are  presented  in  the  accompanying  tables. 

They  show  that  the  soft  interior  of  the  grain  which  is  removed 
in  the  flrst  breaks  is  of  a  starchy  nature,  the  albuminoids  and 
gluten  increasing  toward  the  exterior  of  the  grain.  The  outer 
portions  also  contain  more  oil  and  ash  and  consequently  more 
phosphates. 

While  the  gluten  is  more  abundant  in  the  outer  portion  of  the 
grain  and  especially  in  the  part  adherent  to  the  bran  which  is 
removed  in  the  last  break  there  is  none  at  all  in  the  outer  coatings 
themselves,  the  so  called  gluten  cells  of  the  embryonal  membrane 
containing  similar  substances  to  the  embryo  or  gum  of  which  it 
is  a  continuation.  All  of  the  gluten  of  the  wheat  is  in  the  en- 
dosperm or  floury  portion  of  the  berry  and  can  be  more  completely 
recovered  and  carried  into  the  various  grades  of  flour  by  the  roller 
process  at  least  with  Hard  Spring  Wheats  than  by  other  methods 
of  milling. 

The  shorts  removed  by  the  bolting  and  aspirating  machines  are, 
like  the  bran,  rich  in  albuminoids,  oil  and  ash  but  not  as  much  so 
in  the  two  latter  constituents. 

The  graded  middlings  both  nncleaned  and  cleaned  show  very 
regular  variations  in  the  various  constituents,  ash,  fat  and  fibre 
decreasing  fh>m  what  is  known  as  No.  1  to  No.  5  and  the  albumin- 
oids or  gluten  being  the  best  in  No.  4. 

The  eflect  of  cleaning  is  to  increase  the  percentage  of  gluten 
while  not  altering  the  percentage  of  nitrogen  showing  that  the 
material  removed  by  the  process  is  not  rich  in  gluten. 
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The  flour,  produced  by  the  reduction  of  the  purified  middlings  is 
not  as  rich  in  gluten,  ash  or  fibre  as  the  middlings  themselves.  The 
cause  of  this  is  not  quite  apparent  as  the  tailings  with  one  ex- 
ception are  not  rich  in  gluten ;  in  fact,  in  two  cases  contain  none 
and  in  a  third  less  than  one  per  cent. 

The  tailings  from  the  middlings  purifiers  in  a  like  manner  con- 
tain no  gluten  in  the  No.  1  purifier  and  gradually  increase  till 
those  from  No.  6  are  rich. 

The  different  fiours  are  mixed  for  the  market  in  the  three  grades 
Bakers',  Patent  and  Low  Grade.  The  Patent  is  of  course  the 
highest  grade  and  whitest.  It  contains  however  less  gluten  than 
the  bakers'  grade  and  the  least  ash,  oil  and  fibre  of  any.  The  low 
grade  flour  is  very  rich  in  nitrogen  but  extremely  poor  in  gluten, 
the  result  of  mechanical  and  chemical  causes  which  have  injured 
the  flour  in  the  process  of  manufacture. 

The  remaining  analyses  are  of  technical  interest.  Among  them 
are  those  of  the  gums  extracted  at  different  points  in  the  purifica- 
tion of  the  tailings.  That  known  as  ^'second  gum"  seems  to  be 
freer  from  impurities  and  has  been  analyzed  in  detail  showing  that 
one-third  of  the  substance  is  albuminoids,  over  fifteen  per  cent 
oil,  and  nearly  nineteen  per  cent  a  sugar-like  substance  making 
it  of  considerable  interest. 

I  shall  consider  the  results  more  at  length  in  a  report  to  be 
issued  by  the  Department  of  Agriculture,  Washington,  D.  C. 


Analysis  of  a  mural  efflorescence.    By  Prof.  Chas.  E.  Munroe, 
U.  S.  Naval  Academ}',  Annapolis,  Md. 

The  incrustations  which  so  frequently  disfigure  our  finest  brick 
buildings  have  sometime  since  received  attention  from  chemists 
and  engineers,  but  we  find  marked  differences  in  the  statements 
made  as  to  their  composition.  Thus,  according  to  ^Trantwine, 
s  Pemberton,  and  ^Goldsmith  they  consist  largely  of  magnesium 
sulphate  and  it  is  suggested  that  they  are  formed  either  through 

> Jour.  Frank.  Inst.  [8]  LXX V,  269,1878.       sjonr.  Frank.  Inst.  [3]  LXXVI,  63,1878. 

•Proc.  Phil.  Acad.  Sci.  XXVIII,  834,1876. 

A.  A.  A.  8.,  VOL.  XXXm.  12 
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the  action  of  the  sulphuric  acid  in  our  city  atmospheres  on  the  mag- 
nesium salts  in  the  mortar,  or  through  the  action  of  this  acid,  from 
tlie  coal  used  in  burning  the  bricks,  on  the  clay  from  which  the 
bricks  are  formed.  ^  Watts  and  ^Gillmore,  on  the  other  hand,  find 
the  efflorescences  to  consist  principally  of  sodium  carbonate  with 
some  sodium  or  magnesium  sulphates. 

In  1876  a  somewhat  costly  building  was  erected  here  in  which 
considerable  elaborateness  of  design  was  displayed,  but,  before 
six  months  had  passed  an  efflorescence  appeai-ed  upon  it  and  to  such 
an  extent  as  to  almost  completely  destroy  the  artistic  effect,  and  in 
spite  of  the  many  severe  storms  to  which  it  has  been  exposed  and 
notwithstanding  the  fact  that  it  is,  as  my  tests  have  showed,  com- 
pletely soluble  in  water,  it  yet  exists  in  apparently  undiminished 
quantity. 

The  building  was  constnicted  of  wood-burned,  pressed  brick, 
made  from  Wasliington  clay,  for  the  outside  courses,  and  these 
were  laid  in  mortar  made  with  lime  from  Texas,  Pa.,  and  pointed 
with  black  mortar.  The  interior  wall  was  of  common  brick  and 
the  space  between  was  filled  with  Rosendale  or  Round  Top  cement 
mixed  with  Texas  lime  mortar  in  the  proportion  of  one  of  cement 
to  two  of  mortar.  During  the  process  of  building  and  after  com- 
pletion the  structure  was  pretty  well  soaked  by  rains.  The  town 
contains  less  than  7,000  inhabitants  and  there  are  no  manufactur- 
ing establishments  whatever,  so  that  the  air  is  quite  pure  save  for 
the  solids  taken  up  from  the  salt  water  of  the  contiguous  bay  and 
river.  These  efflorescences  are  rare  here  and  are  confined  wholly 
to  buildings  erected  in  recent  years  and  usually  to  those  made  from 
pressed  bricks. 

As  has  been  said,  this  efflorescence  was  found  to  be  readily  soluble 
in  cold  water  with  the  exception  of  2.62  per  cent  of  residue,  which 
proved  to  be  particles  of  brick  dust;  Leaving  this  out  of  account 
the  analysis  gave 

Sodium  carbonate  61.67 

Sodium  sulphate  34.33 

Sodium  chloride  1.09 

Water  2.96 


100.05 
« Diet.  Chem.,  I»  792.  ^Limes,  Mortars  and  CementB,  294, 18G8. 
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A  STUDY  OF  THE  PHENOMENON  OP  DELIQUESCENCE.      By  Prof.  ChAS. 

E.  MuNROE,  U.  S.  Naval  Academy,  Annapolis,  Md. 

In  the  Proc.  U.  S.  Naval  Institute  9,  332,  1883,  I  have  given 
the  results  of  an  observation  on  the  comparative  attractive  power 
of  calcium  chloride  and  bleaching  powder  for  moisture  when  ex- 
posed to  a  moist  atmosphere.  Having  allowed  these  substances  to 
remain  exposed  to  this  atmosphere  during  a  very  long  period  of 
time  after  the  weights,  cited  there,  were  recorded,  I  was  surprised 
to  find  that  the  increase  in  weight  for  the  Ca  CI2  was  greatly  in  ex- 
cess of  that  which  Brandes^  found  in  his  experiments  on  the  deli- 
quescence of  this  substance.  As,  for  the  requirements  of  this 
experiment,  the  commercial  salt  had  been  used,  I  determined  to 
repeat  the  experiment  with  another  specimen  of  the  salt  wiiich  I 
bad  prepared. 

The  salt  was  made,  according  to  Fresenius^,  by  dissolving  mar- 
ble in  common  HCl  diluted  with  five  volumes  of  water.  To  this  a 
thin  paste  of  lime  was  added,  with  stirring,  until  it  was  in  excess, 
and  the  mixture  stood  for  twenty-four  hours.  It  was  then  filtered  ; 
washed  hydrogen  sulphide  was  passed  through  it  to  saturation ; 
again  allowed  to  stand  over  night ;  and  again  filtered.  It  was  then 
strongly  acidified  with  pure  concentrated  HCl ;  concentrated  in  a 
porcelain  dish  and  again  filtered  ;  then  it  was  evaporated  to  dr}*- 
ness,  a  little  HCl  being  added  towards  the  close  of  the  process. 
The  residue  was  finally  exposed  to  a  tolerably  strong  heat,  on  the 
sand  bath,  until  it  was  changed  to  a  white,  porous,  opaque  mass. 
This  residue,  when  cold,  was  free  from  alkaline  reaction  and  gave 
a  slight  reaction  for  water  by  the  closed  tube  test.  When  dissolved 
in  water  and  acidified  it  gave  a  faint  etfervescence  due  to  carbon 
dioxide.  Besides  these  substances  only  calcium  and  chlorine  were 
found  to  be  present.  The  quantitative  determinations  for  chlorine 
and  calcium  yielded  the  following  results. 


Wt.  taken. 

Wt.  Ag  CI  foand. 

of  GI  found. 

Theory  for  Ca  Cl,. 

.42(i9 

1.0503 

01.10 

03.90 

.5740 

1.4104 

61.02 

Wt.  taken. 

Wt.Ca0  found. 

of  Ca  found. 

Theory  for  Ca  CI,. 

^113 

.2499 

34.92 

30.04 

Assuming  the  excess  of  Ca  present,  over  that  necessary  to  form 
Ca  Cls  with  the  CI  found  to  be  combined  with  carbon  dioxide,  and 

I 

^SchvoHgu  Jaur.f  61,  433.  *Quan.  Anal,  (Am.  bd.,)  127. 1882. 
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taking  the  water  by  difference,  we  may  regard  the  salt  as  having 
the  following  composition 

Ca  CI,  95.49 

CaCOs  1.S8 

HsO  8.23 

100.00 

Presenilis  states  that  the  salt,  made  by  the  method  described,  has 
the  composition  Ca  CI2  (H,  0)s. 

The  portions  of  salt  used  in  these  experiments  were  all  taken 
from  the  same  weighing  tube  and  to  check  any  error  which  might 
arise  from  particles  of  the  salt  becoming  attached  to  the  outside 
of  the  tube  or  cork,  the  tube  was  allowed  to  remain  in  the  balance 
case  for  some  time  after  each  weighing  made  for  the  purpose  of 
analysis,  and  the  change  in  weight  observed.  The  greatest  change 
observed  was  a  gain  of  .0003  grams  between  the  weighing  out  of 
the  second  portion  for  the  determination  of  the  chlorine  and  that 
for  the  determination  of  the  calcium.  This  would  make  the  Ca 
COs  as  calculated  a  little  too  small  but  would  not  affect  the  Ca  Clg. 

The  experiments  for  deliquescence  were  made  by  weighing  out 
a  portion  of  the  salt  in  a  small  watch  glass  and  placing  it  on  a 
vessel  containing  distilled  water.  The  top  of  the  vessel  was  cov- 
ered with  wire  gauze  and  the  watch  glasses  rested  upon  a  plate  of 
glass  placed  upon  this.  The  vessel  was  placed  on  a  plate  of  glass 
beside  the  balance  and  the  whole  covered  with  a  low  bell  glass. 
For  each  observation  the  bell  glass  was  removed  twice,  and  the 
weighings  were  made  in  a  different  atmosphere  from  that  existing 
in  the  bell  glass,  but  all  was  done  as  rapidly  as  possible  and  the 
weights  were  always  taken  in  the  same  order.  The  weights  of  the 
substances  taken  were : 


I. 

II. 

Wt.  watch  glass  +  salt 

1.6137 

2.1759 

«        «<        «( 

1.4937 

21920 

l<  (i 


.0200  .0239 


The  portions  taken  were  weighed  out  at  1.15  p.  m..  Mar.  15,  and 
by  4.30  p.  M.  on  the  same  day  they  had  both  become  completely 
liquefied,  while  the  liquid  was  perfectly  transparent.  On  Mar.  24 
a  slight  cloudiness  appeared  and  persisted,  without  increasing  in 
quantity  or  extent,  to  the  end  of  the  experiments.  This  film  ap- 
peared as  a  plane  with  its  edge  in  the  surface  of  the  liquid,  and 
it  appeared  either  normal  to  or  parallel  with  the  line  of  sight  as 
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the  watch  glass  was  revolved  about  its  major  axis.  After  the 
weighings  were  given  up,  the  liquid  was  treated  with  a  few  drops 
of  HCl  and  the  result  was  a  slight  effervescence  and  the  disappear- 
ance of  the  film.  Table  I  shows  the  results  obtained  up  to  the 
point  of  maximum  increase  in  weight.  The  centigrade  thermom- 
eter read  was  beside  the  balance.  The  English  barometer,  with 
brass  scale,  was  in  another  building  and  I  have  compiled  the  read- 
ings from  the  record  kept  by  others. 


TABLE  I. 

I. 


II. 


Date. 

Time. 

Mar. 

15 

1.15p.m. 

u 

» 

4.30  "  « 

(1 

16 

5.25  "  " 

l< 

17 

10. 45  A.M. 

<( 

18 

11.05  "  " 

(C 

19 

U       »* " 

<• 

20 

12.45  "  " 

(1 

21 

10.45  •«  " 

It 

22 

10.45  "  *• 

(1  • 

23 

18.40p.m. 

(* 

24 

10.55  A.M. 

<( 

25 

11.15"" 

(( 

26 

11       "  " 

n 

27 

11.45  "  " 

11 

28 

10.45"" 

it 

29 

10       « " 

l< 

81 

11       " " 

A. 


B. 


3.15 

28.15 

46.35 

70.55 

91.55 

120.40 

142.40 

166.40 

193.40 

214.55 


3.15 
25 

18.20 
24.20 
24 

25.45 
22 
24 
27 

21.15 
24.20,239.15 
23.45  203.00 
24.45  287.45 


C. 


23 

23.15 

49 


310.45 
334.00 
883.00 


1.6137 
1.5550 
1.6100 
1.6220 
1.6368 
1.6515 
1.6626 
1.6698 
1.6740 
1.6763 
1.6777 
1.6803 
1.6854 
1.6907 
1.6914 
1.6940 
1.7036 


D. 


E. 


0.0413 
0.0550 
0.0120 
0.0148 
0.0147 
0.0111 
0.0072 
0.0042 
0.0023 
0.0014 
0.0026 
0.0051 
0.0053 
0.0007 
0.0026 
0.0090 


0.0413 
0.0963 
0.1083 
0.1231 
0.1378 
0.1489 
0.1561 
0.1603 
0.1626 
0.1640 
0.1666 
0.1717 
0.1770 
0.1777 
0.1803 
0.1899 


C. 


D'. 


2.1759 
2.2270 
2.2937 
2.3085 


0.0511 
0.0667 
0.0148 


2.3245  0.0160 


2.8422 
2.3557 
2.3641 
2.3681 
2.3702 
2.3720 
2.3740 
2.3819 
2.3871 
2.3892 
2.3917 
2.4010 


0.0177 
0.0135 
0.0084 
0.0040 
0.0021 
0.0018 
0.0040 
0.0079 
O.0U52 
0.0021 
0.0025 
0.0093 


E'. 

Is 

• 

B 
2 

es 

15*. 5 

30.05 

0.0511 

15'.5 

80.05 

0.1178 

14" 

30.30 

0.1326 

12'.5 

30.28 

0.1486 

13".6 

30.33 

0.1663 

13«.6 

30 

0.1798 

18*.5 

29.7( 

0.1882 

16". 5 

30.25 

0.1922 

19" 

80.31 

0.1943 

W.5 

30.0:3 

0.1961 

15- 

29.81 

0.1981 

18".5 

30.07 

0.2060 

19'.5 

29.  ii9 

0.2112 

18'.6 

29. 7r. 

0.2183 

18'.5 

29.81 

0.2158 

25'.6 

29.6: 

0.2251 

12'.  6 

30.1- 

68* 
68* 
68* 
67' 
69* 
69- 
65« 
66' 
61» 
68* 

issr 

68* 
62^ 
64« 
67* 
68* 
75* 


A  giyes  the  time  in  hours  between  each  observation. 

B    "       "       "    "       •♦     from  the  first  " 

C  and  C  give  the  weight  observed. 

D  and  D'    "     "    increase  of  weight  for  each  observation. 

BandE'    "     "  "       "       "        from  each  observation. 


The  following  chart  shows  graphically  the  rate  of  absorption  of 
moisture,  the  abscissae  representing  the  time  in  hours  (column  B) 
and  the  ordiuates  the  weight  in  milligrams  (columns  E  and  E')* 
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An  inspection  of  these  results  shows  that  while  the  absorption 
goes  on  continually  until  it  attains  a  maximum  yet  the  amount  ab- 
sorbed in  unit  of  time  seems  to  vary  with  the  temperature  and 
pressure  and  it  is  probable  that  if  these  remain  constant  we  shall 
obtain  a  more  nearly  uniformly  decreasing  rate.  In  his  ''Examina- 
tion of  Substances  by  the  Time  Method/'  Hannay  has  observed 
the  rate  at  which  the  moisture  was  given  off  when  Ca  CI2  6  H2  O 
was  dried  in  air  at  100°,  and,  on  comparing  his  Curve  VI  opposite 
page  885^,  we  shall  note  a  singular  resemblance  to  the  curve  given 
here  notwithstanding  that  the  observations  were  made  from  quite 
opposite  standpoints. 

It  is  to  be  regretted  that  the  maximum  increase  of  weight  in  my 
experiments  should  have  been  attained  as  the  temperature  fell  and 
the  barometer  rose  markedly,  for  these  conditions  might  give  rise 
to  a  deposition  of  moisture  from  the  atmosphere  in  the  bell  glass 
which  was  presumably  saturated.  However,  no  bedewing  was  ob- 
served even  after  close  inspection  of  the  bell  and  watch  glasses, 
yet  this  opinion  is  strengthened  by  the  fact  that  while  during  the 
subsequent  four  days  the  temperature  remained  nearly  constant  at 
16°,  yet  the  average  weight  for  I  was  1.6968  and  for  II  2.3922 
grams.  After  this  the  weighings  were  continued  for  some  time 
but  they  fluctuated  apparently,  though  not  always,  with  the  tem- 
perature, until  when  the  temperature  rose  to  28°. 5  the  weights 
were  1.6573  grams  for  I,  and  2.3397  grams  for  II.  This  variation 
in  the  power  of  bodies  to  attract  or  hold  water  at  moderate  tem- 
peratures, owing  to  a  change  of  temperatures  has  been  pointed 
out  in  the  case  of  lime  and  ethyl  alcohol  by  Squibb^,  and  Roscoc^ 
found  in  studying  the  hydrates  of  the  volatile  acids  that  under 
given  circumstances  of  temperature  and  pressure  there  is  for  each 
acid  a  certain  proportion  of  water  which  forms  a  stable  compound, 
a  weaker  acid  under  that  temperature  and  pressure  giving  off 
water,  and  a  stronger  acid  giving  off  acid  until  the  most  stable 
compound  remains  behind. 

In  order  to  determine  whether  moisture  was  deposited  on  the 
vessel,  an  empty  watch  glass,  nearly  similar  in  form  and  size  to 
those  used,  was  placed  beside  them  under  the  bell  and  weighed 
with  the  results  shown  in  Table  II. 


s*'Joar.  Chem.  Soc,"  XXXII,  1877.  *  Sqiilbbs  Ephemeris,  II,  S33, 1884. 

sQuar.  Jour.  Chem.  Soo.  XIII,  146. 
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TABLB  II. 


DATK. 

WEIGHT. 

TEM. 

RAB. 

TBM. 

DATE. 

WEIGHT. 

TEH. 

BAR. 

TEX. 

Apr.  25 

2.0099 

19*  JS 

29.76 

65* 

May  13 

2.0699 

19* 

29.98 

e9* 

26 

2.0898 

IS'.C 

29.77 

68* 

14 

2.0896 

19* 

29.90 

er 

27 

2.0896 

ISTA 

80.10 

68* 

16 

2.0696 

19* 

29.93 

68* 

28 

2.0696 

19*.0 

30.06 

68* 

16 

2.0699 

19*  J5 

29.75 

68* 

29 

2.0696 

20*.S 

80.02 

72* 

17 

2.0697 

19*  J5 

29.91 

er 

30 

2.0700 

20* 

30.30 

65* 

19 

2.0699 

20*J» 

29.97 

69* 

Uaj    1 

2.0099 

2r.5 

30.03 

68* 

22 

2.0697 

23*  JS 

30.20 

76* 

2 

2.0699 

22*  JS 

29.88 

76* 

27 

2.0700 

21*J5 

29.86 

7r 

8 

2.0699 

22* 

30.82 

69» 

81 

2.0697 

IT 

80.19 

6r 

4 

2.0699+ 

21* 

30.22 

68* 

June  4 

2.0609 

28* 

30.05 

81* 

6 

2.0698 

20*  J5 

30.02 

76* 

8 

2.0699 

24* 

29,75 

74* 

6 

2.0699 

21'.5 

29.84 

70* 

11 

2.0696 

24*.5 

7 

2.0699 

21* 

29.86 

66* 

18 

2.0698 

24*.5 

8 

2.0698 

19*J5 

29.90 

70* 

21 

2.0699 

28*JJ 

9 

2.0697+ 

20*.5 

29.92 

69* 

25 

2.0699 

28*U{ 

10 

2.0699+ 

20* 

29.77 

70* 

July    8 

2.0701 

24* 

11 

2.0699+ 

20*  J5 

29.69 

71* 

Aug.  18 

2.0701 

12 

2.0699+ 

18*.5 

30.01 

68* 

Mean  2.06985+       Maximum  2.0701       Minimum  2.0696 

Although  there  was  no  such  marked  difference  in  temperature 
and  pressure  as  occurred  during  March  29  to  31,  yet  during  May 
27  to  31  there  was  a  similar  change.  These  results  show  also  the 
uniformity  in  the  action  of  the  balance  at  all  the  observed  tem« 
peratures. 

Let  us  now  take  the  weights  obtained  from  April  1  to  April  4 
as  representing  the  maximum  increase  of  weight  at  16°  and  we 
have  the  following 

TABLE  ni. 


s 


I 

XI 


1       o 

. 

1          a 

b 

Q.           1 

wt.  Substanc 
taken. 

Maximum  wt 
for  16*. 

ah 

Wt.  CaCl,  in 
Substance  take 

Wt.  gained  fo 

100  parts  of 

CaCl, 

Molecules  of  H, 
attracted  bv 
one  molecule 
of  CaCI,. 

.0200 

.1831 

.1631 

.0191 

858.9 

52.6 

.0239 

.2163 

.1924 

.0228 

843.9 

52.04 
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Brandes  fonnd  that  100  parts  of  his  salt  attracted  124  parts  of 
water,  after  an  exposure  of  96  days,  and  from  this  we  find  that 
one  molecule  of  the  salt  attracted  7.64  molecules  of  water.  Hence 
my  result  is  about  seven  times  greater  than  that  obtained  by 
Brandes.  The  attraction  too  is  found  to  be  greater  than  that  ex- 
isting  in  the  cryohydrate  discovered  by  Guthrie. 

The  observations  here  recorded  are  only  preliminary  and  it  is 
recognized  that  the  method  employed  is  subject  to  several  sources 
of  error.    To  correct  these  it  is  proposed  to  arrange  the  experi-. 
ments  so  as  to  maintain  a  nearly  constant  temperature.     As  the 
time  required  in  the  method  used  is  very  long  it  is  proposed  to* 
shorten  it  by  adding  to  the  weighed  portion  o^  the  anhydrous  salt 
a  determined  quantity  of  water,  but  less  than  the  amount  which 
the  salt  would  attract  at  the  temperature  of  the  experiment,  and 
then  to  determine  the  rate  of  absorption  from  that  point  to  the  point 
of  complete  saturation.     We  may  at  least  by  this  means  determine^ 
the  total  attracting  power  at  a  given  temperature  with  celerity  and 
precision. 

It  is  proposed  too  to  use  a  vessel  having  the  form  of  a  right  cyl- 
inder and  of  a  sufficiently  large  diameter  to  render  the  effect  of 
capillarity  very  slight,  for  as  the  absorption  takes  place  from  the 
surface,  this  is  the  only  form  of  vessel  in  which  the  area  of  ex* 
posed  surface  will  remain  constant  with  a  change  in  the  volume  of 
the  liquid. 

Finally  it  is  proposed  to  use  a  substance  which  is  deliquescent 
but  which  can  withstand  a  high  temperature  for  a  considerable 
time  without  undergoing  any  other  change  in  its  constitution  than 
loss  of  water,  for  in  no  other  way  can  we  have  satisfactory  evidence 
of  complete  dehydration. 


An  explanation  of  Gladstone  and  Tribe's  "2 — 8  law  in  chem- 
ical DTNAMics."  By  Prof.  John  W.  Langlet,  University  of 
Michigan,  Ann  Arbor,  Mich. 

In  the  proceedings  of  the  Royal  Society  Vol.  XIX,  page  498,  and 
also  in  the  Quarterly  Journal  of  the  Chemical  Society,  Vol.  9,  will 
be  found  a  paper  by  Messrs.  Gladstone  and  Tribe  entitled  ''A  Law 
in  Chemical  Dynamics."    The  authors  show,  by  a  record  of  ex- 
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periments,  that  if  a  plate  of  metal  is  suspended  in  a  solution  of 
another  metal  which  it  can  precipitate  (the  plate  being  hung  so 
that  it  reaches  neither  to  the  top  nor  the  bottom  of  the  liquid), 
the  rate  of  chemical  action  shown  by  the  loss  of  weight  in  the 
suspended  plate,  for  a  given  period  of  immersion,  will  vary  with 

ROTATION,  BRUSH  AND  CENTRIFUGAL   EXPERIMENTS. 

The  nambere  given  are  for  1  cm.'  of  acUng  sarf&ce  and  for  I  minute  of  time.  In 
ftnotions  of  a  milligramme. 


ROTATION. 

1 

Bbush. 

1 

Gravitt. 

CBirrBIFUOAL. 

Percent,  of 
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the  percentage  strength  of  the  solution  of  the  salt  in  a  remarkable 
manner ;  which  they  epitomize  in  the  statement,  that  if  the  per* 
centages  of  salt  be  expressed  by  a  series  of  the  powers  of  2,  the 
chemical  action  will  be  expressed  by  the  corresponding  powers  of 
3,  so  that  for  percentages  represented  by  1,  2,  4,  6,  etc.,  the  rate 
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of  action  will  be  1,  3,  9,  27,  etc.  They  farther  stale  that  this  law 
of  action  holds  good  up  to  aboat  three  per  cent.,  and  that  for 
solutions  weaker  than  this,  they  have  demonstrated  it  through  a 
range  of  from  1  to  1,000,000. 

They  also  give  for  the  law  a  mathematical  expression  which 
seems  to  have  been  defectively  printed,  for  when  the  typographical 
errors  are  corrected  I  find  it  to  be  expressed  by 

log.  C  =  log.  p.  X  j^  +  log.  K 
where  C  is  the  rate  of  chemical  action,  p  is  the  proportionate 
quantity  of  salt,  and  K  is  a  constant.  In  the  particular  ex- 
ample given  In  their  article  they  employed  a  plate  of  copper 
suspended  in  a  solution  of  argentic  nitrate.  But  the  authors  do 
not  give  any  explanation  of  the  law  which  they  have  discovered. 

The  following  question  at  once  arises.  Is  the  rate  of  metallic 
precipitation  for  varying  strengths  of  the  solution  due  to  the 
action  of  chemism  alone,  or,  is  tlie  operation  of  chemical  affinity 
compounded  with  one  or  more  purely  ph3'sical  forces?  and  if  so, 
what  is  the  relative  pai*t  contributed  by  each? 

Messrs.GIadstone  and  Tribe  point  out  that  there  are  two  currents, 
or  mass  movements  produced.  One,  a  light  blue  ascending  stream 
of  a  dilute  solution  of  silver  and  copper  nitrates ;  the  other,  a 
deep  blue  descending  cuiTent  of  copper  nitrate  containing  about 
three  times  as  much  NOs  as  the  main  solution.  Obviously  the 
first  step  in  an  investigation  of  their  results  should  be  to  bring 
the  fluid  against  the  plate  with  a  uniform  velocity.  To  accomplish 
this  a  piece  of  copper  was  slightly  curved  and  fastened  to  an  arm 
which  earned  it  around  in  a  horizontal  circle  of  about  one  inch 
radius  with  a  uniform  speed  of  five  and  a  half  revolutions  per 
second,  which  gave  therefore  a  linear  velocity  of  the  metal  through 
the  liquid  of  nearly  three  feet  per  second.  The  strip  was  suspended 
from  the  arm  so  as  to  hang  vertically,  and  the  ai*ea  of  its  surface 
was  known.  The  results  are  given  in  the  appended  table  in  the 
columns  marked  2  and  3.  It  was  at  once  apparent  that  the  abso- 
lute rate  of  action  was  much  greater  than  when  the  metal  was 
stationary,  as  in  Messrs.  Gladstone  and  Tribe's  method  where  the 
only  mass  motion  of  the  liquid  relatively  to  the  plate  was  caused  by 
gravitation.  An  inspection  of  columns  2  and  6,  where  their  method 
was  followed,  will  show  this. 

In  column  3  are  given  the  quotients  of  the  actual  weights  divided 
by  the  percentages  of  silver  nitrate.    It  is  apparent  that  these 
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numbers  tend  toward  a  constant,  and,  in  this  respect,  they  show  a 
marked  contrast  to  the  numbers  in  column  7. 

The  experiments  were  next  varied  by  varnishing  the  copper  on 
its  convex  side  and  holding  it  rigidly  against  the  side  of  a  beaker 
while  its  bare  concave  face  was  constantly  swept  by  a  rotating 
cylindrical  brush,  driven  at  uniform  speed  by  clockwork.  The 
results  are  given  in  columns  4  and  5,  where,  to  secure  a  greater 
range  for  comparison,  a  different  order  of  per  cents  was  employed, 
and  it  is  evident  from  column  5,  that  the  absolute  rate  is  less  than 
for  the  rotation  experiments,  but  is  still  much  greater  than  for  the 
gravitative  record  ;  also  it  is  apparent  that  the  quotients  here  also 
tend  to  approach  a  constant  [.6]. 

The  first  two  numbers  in  columns  3  and  5  depart  widely 
from  the  others.  This  is  due,  I  believe,  to  the  necessity  of  remov- 
ing the  silver  each  time  the  copper  was  weighed  to  determine  how 
much  of  it  had  been  dissolved.  When  the  solution  is  very  weak, 
the  silver  crystals  are  so  minute  that  it  is  practically  impossible 
to  remove  them  completely,  while  for  larger  crystals,  made  by 
stronger  solutions,  there  is  no  such  difficulty. 

Now  when  the  extreme  difficulties  of  securing  absolutely  uniform 
rotation,  of  detaching  the  copper  at  a  given  instant,  and  of  pre- 
venting accidental  cross  currents  are  considered,  these  numbers 
show  (since  they  are  the  means  of  many  trials)  that  the  chemical 
action  varies  directly  with  the  quantity  of  salt  in  solution,  when 
the  supply  of  fresh  liquid  to  the  surface  of  the  plate  is  constant 
and  independent  of  its  strength.  Within  the  limits  of  these  ex- 
periments, the  following  law  would  appear  to  be  true.  In  metallic 
precipitations  of  dilute  soliUions^  the  chemical  action  vaiHes  directly 
as  the  mass,  i.e.,  peixentage,  of  the  dissolved  salt. 

The  experimental  work  of  Messrs.  Gladstone  and  Tribe  is  above 
criticism.  I  made  many  determinations  by  their  method,  with 
the  sole  result  of  confirming  their  entire  accuracy.  How  then  can 
their  law  be  reconciled  with  the  above  statement? 

The  explanation  I  venture  to  offer  is  the  following : 

When  the  plate  is  suspended  in  the  liquid,  a  film  of  copper 
nitrate  is  at  once  formed  against  it.  Now  the  access  of  fresh 
silver  nitrate  depends  on  the  removal  of  copper  nitrate  ;  this  film 
being  heavier  than  the  main  solution  begins  to  fall  (a  part  also 
rises)  and  thus  drags  in  fresh  liquid  from  above  to  attack  the 
copper.     The  rate  at  which  it  falls  depends  on  its  density,  that  is 
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on  the  quantity  of  copper  dissolved,  bat  it  is  resisted  by  the  inertia 
of  the  surrounding  fluid  which  it  must  displace. 

Now  in  a  second  experiment  let  the  percentage  of  silver  nitrate 
be  doubled  ;  then,  by  the  statement  made  above,  the  quantity  of 
copper  dissolved  in  a  very  small  portion  of  time  will  also  be 
doubled,  and  its  density  will  be  greater.  The  increase  of  density 
may  be  found  from  the  tables  of  specific  gravities  of  copper 
nitrate  solutions.  Storer's  dictionary  of  solubilities  gives  the 
following : 

Per  cents,  of  salt.  Densities. 

1.  1.0059. 

2.  1.0119. 
8.  1.0192. 
4.  1.0252. 

We  see  that  the  increment  of  the  density  rises  a  little  more 
rapidly  than  the  increase  of  the  salt,  so  that  the  density  of  a  four 
per  cent  solution,  for  example,  is  2.11  times  that  of  a  two  per 
cent  solution.  Therefore  the  film  of  copper  nitrate  will  be  more 
than  twice  as  dense  when  the  percentage  of  silver  nitrate  is  doubled. 
The  rate  of  motion  of  the  film  will,  however,  not  be  twice  as  great ; 
for  bodies,  moving  with  slow  velocity  through  a  liquid,  are  found 
to  experience  resistances  which  vaiy  as  the  square  of  the  velocity. 
The  density  of  the  film  has  become  more  than  twice  as  great, 
consequently  the  attraction  between  it  and  the  earth  has  more 
than  doubled.  It  is  also  evident  that  though  the  specific  gravity 
of  the  silver  salt  is  increased,  still,  the  increment  of  the  density 
of  the  copper  solution  over  that  of  the  silver  solution  will  be  moi'e 
than  doubled.  Hence  its  velocity  will  become  not  two,  but  as  the 
square  root  of  two,  which  is  1.41  4* :  but  as  the  relative  density 
(or  the  relative  increment)  is  really  more  than  two,  its  8<}uare 
root  will  approach  near  1.5. 

The  observed  rate  of  action  will  be  composed  therefore  of  the 
two  ratios,  viz.,  twice  the  chemical  action  because  of  chemism, 
multiplied  by  one  and  a  half  because  of  gravitative  action ;  or, 
when  the  per  cent  of  silver  salt  is  doubled,  the  quantity  of  copper 
dissolved  will  be  tripled.    But  this  is  Gladstone  and  Tribe's  law. 

The  above  hypothesis  leads  to  this  conclusion.  If  the  ^^2—3  law" 
is  composed  of  two  factors,  one  of  which  is  chemism,  and  the  other 
gravitation ;  then  if  another  accelerating  force  could  be  substituted 
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for  gravitation  the  la^r  ought  to  change  its  form,  if  that  force 
could  be  made  a  large  one,  for,  the  rate  of  movement  of  a  body 
through  water  is  determined  by  resistances  which  increase  much 
faster  than  the  square  of  the  velocity  when  the  latter  is  no  longer 
small.  Accordingly  I  mounted  the  precipitating  vessel  on  an  arm 
which  permitted  the  whole  to  revolve  in  a  vertical  plane  and  with 
a  velocity  which  gave  a  centrifugal  force  thirty  times  greater  than 
the  value  of  the  acceleration  of  gravity.  With  this  large  force  it 
was  certain  that  the  currents  ought  to  increase  much  more  slowly 
than  in  the  ratio  of  the  square  root  of  2.  An  inspection  of  col- 
umns 8  and  9  will  show  the  results.  In  column  9  the  numbers  do 
not  tend  to  approach  a  constant  but  slowlj^  inci-ease.  Th^y  resem- 
ble in  this  respect  the  gravitation  numbers  in  column  7,  only  their 
rate  of  increase  is  slower  as  it  should  be  by  theory.  A  mathemati- 
cal analysis  of  these  numbers,  taking  the  30  per  cent  one  as  a 
basis,  agrees  very  closely  with  those  calculated  by  the  formula^ 
that  doubling  the  per  cent  of  silver  increases  the  rate  of  precipi- 
tation to  2.25  instead  of  to  3. 

In  conclusion,  I  think  it  is  probable  that  the  true  law  of  chemical 
action,  where  one  metal  precipitates  another,  should  be  that  the 
time  during  which  one  atom  replaces  another  in  a  compound  mole- 
cule is  fixed,  and  hence  that  the  rate  of  total  chemical  action  varies 
directly  as  the  mass  of  the  reacting  body  in  solution. 


Preliminary  analysis  of  the  bark  op  Fouquieria  splendsns* 
By  Helen  C.  De  S.  Abbott,  Philadelphia,  Pa. 

In  the  published  proceedings  of  the  Mexican  Boundary  Survey 
of  1859,  conducted  by  General  William  H.  Emoiy,  are  found 
numerous  references  to  Fouquieria  splendens.  No  region  of  equal 
extent  presents  moi'e  marked  illustrations  of  the  relations  of  the 
vegetation  of  a  country  to  its  topography  and  geology  than  that 
lying  along  the  Mexican  boundary  line.  The  traveller  traversing 
the  desert  table-lands  will  not  fail  to  unite  in  his  recollections  of 
these  tracts  the  dull  foliage  of  the  creosote  bush,  the  palm-like 
Yucca,  and  the  long  thorny  wands  of  the  Fouquieria  8ple7idens. 
The  vegetation  of  the  £1  Paso  basin  and  the  Upper  Rio  Grande 
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valley  is  described  as  strikiugly  different  from  that  of  the  immedi* 
ately  adjoining  country :  new  and  strange  plants  are  seen  on  every 
side.  Upon  the  table-lands  many  plants  grow  not  to  be  found  in  the 
more  fertile  valleys ;  among  these  isFouquieriaj  a  tree  locally  known 
by  its  Mexican  name  ocotilla.  A  full  description  of  the  appearance 
of  the  plant  is  given  in  the  Mexican  Boundary  Survey  ;  also  one 
in  an  article  by  Edward  Lee  Green.^  The  latter  author  describes 
Fotiquieria  splendena  in  these  terms :  '^It  is  a  splendid  oddity  and 
not  more  odd  than  beautiful,  flourishing  in  great  abundance  in 
many  places.  It  grows  to  the  height  of  from  eight  to  twelve  feet, 
and  in  outline  is  quite  precisely  fan-shaped.  The  proper  trunk, 
usually  ten  to  twelve  inches  in  diameter,  is  not  more  than  a  foot 
and  a  half  high.  A  few  inches  above  the  surface  of  the  sands  this 
trunk  abruptly  separates  into  a  dozen  or  more  distinct  and  almost 
branchless  stems.  These  simple  stems  rising  to'  the  height  of 
eight  or  ten  feet  gradually  diverge  from  one  another,  giving  to  the 
whole  shrub  the  outline  of  a  spread  fan.  £ach  separate  stem  is 
clothed  throughout  with  short  gray  thorns  and  small  dai'k  green 
leaves,  and  terminates  in  a  spike,  a  foot  long,  of  bright  scarlet 
trumpet-shaped  flowers.  The  stems  are  not  so  thickly  armed  with 
thorns  but  that  they  can  be  handled  if  grasped  circumspectly,  and 
being  very  hard  and  durable,  as  well  as  of  a  convenient  size,  they 
are  much  employed  for  fencing  purposes  about  the  stage  stations 
and  upon  the  ranches  adjoining  the  desert.'*  The  author  states : 
''Give  a  skilful  Mexican  ocotilla  poles  and  plenty  of  raw  hide 
thongs  and 'he  requires  neither  nail  nor  hammer  to  construct  a  line 
of  fence,  which  for  combined  strength,  neatness  and  durability 
fairly  rivals  the  best  work  of  that  kind  done  in  our  land  of  saw- 
mills and  nail  factories." 

The  plant  is  botanically  described  under  order  TamariacinetBy 
tribe  III,  Fouquierece^  new  genus  and  species.^  For  other  sources 
of  information  see  A  Tour  in  New  Mexico ;'  and  in  Plan  tee  Wrigh- 
tianse^  Texano-Mexicanse.  The  writer  has  not  been  able  to  find 
any  notice  of  chemical  studies  made  upon  it. 

The  specimens  of  ocotilla,  at  the  writer's  request,  were  collected 
and  transmitted  from  Lake  valley,  Southwest  New  Mexico,  through 

>  BokanixlDg  on  the  Colorado  Desert,  American  Nataralist,  1880. 
*Bentham  and  Hooker.    Qenera  Plantarum. 

*  By  Dr.  N.  Wisllsenas. 

*  Gray,  Smithsonian  Contributions  to  Knowledge.  Vol.  11!.  Part  1,  p.  86  and  Ft.  ii,  p. 
68. 
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the  kindness  of  Professor  E.  D.  Cope.  The  portions  of  the  stem, 
similar  to  those  used  in  the  analysis,  vary  in  diameter  from  an  inch 
to  an  inch  and  a  half.  The  bark  shows  a  thickness  of  over  an 
eighth  of  an  inch,  and  is  of  a  sage  color  generally.  The  exterior 
surface  is  made  rough  by  an  interlacement  of  hard  projecting  ma- 
terial ;  some  of  the  smaller  stems  are  encircled  with  the  gray  thorns 
described,  arising  in  regular  series  from  the  projecting  portions  of 
the  bark.  Between  the  interlacements  are  oblong  and  diamond- 
shaped  intervals,  which  are  filled  with  superimposed  layers  of  a 
yellowish  color  and  looking  as  if  coated  with  a  wax.  They  appear 
to  be  cemented  together  by  a  glistening  substance  which  on  warm- 
ing the  bark  exudes  and  possesses  a  resinous  or  gum-like  consistency. 

In  the  present  investigation,  the  scheme  proposed  by  Dragen- 
dorff^  has  been  followed  out,  with  the  exception  of  the  maceration 
at  the  ordinary  temperature ;  an  apparatus  similar  to  the  one  last 
devised  by  Tollens^  has  been  used  for  the  extractions.  The  air 
dried  material  reduced  to  a  very  fine  powder  was  again  dried  «t 
100^  C.  giving  9.4  per  cent,  moisture,  since  the  great  importance 
of  powdering  the  material  for  the  various  estimations  as  insisted 
upon  by  Dragendorff  ^  was  fully  confirmed  in  these  examinations. 
Quantitative  determinations  with  ocotilla  bark  reduced  to  fine  pieces 
gave  2  per  cent,  and  3.5  per  cent,  less  than  the  percentage  obtained 
from  the  estimations  with  the  powdered  substance.  Determination 
of  total  ash  gave  10.26  percent. ;  a  qualitative  ash  anal3'si8  showed 
the  presence  of  calcium,  magnesium,  aluminum,  potassium,  sodium, 
and  a  trace  of  iron ;  sulphates,  phosphates,  and  chlorides. 

Ten  grammes  of  the  air-dried  powder  treated  with  peti*oleum 
spirit  of  boiling  point  46°  C.  extracted  a  substance  without  aromatic 
odor,  communicating  to  the  liquid  a  light  color.  From  100  C.C.  a 
measured  portion  was  evaporated  for  determination  of  total  amount 
of  substances  brought  into  solution.  The  residue  dried  at  100°  C. 
gave  9  per  cent,  at  110°  C.  8.87  per  cent,  at  120°  C.  8.876  per  cent 
and  a  loss  of  .125  per  cent  showing  scarcely  appreciable  trace 
of  volatile  oil.  The  remainder  of  the  petroleum  spirit  extract 
on  evaporation  at  the  ordinary  temperature  left  a  solid  yellowish* 
green  wax  substance  of  specific  gravity  .984,  melting  from  84°  C. 

•  Plant  Analysis,  Qualitatlre  and  Qaantitatiye,  G.Dragendoriri  Ph.  D.  Translated 
from  the  German  by  H.  G.  Greenish,  London,  1884. 

«ZelUchriA  f.  anal.  Ghemie,XIV,  82, 1875,  and  XVII,  890, 1678. 
*Loc.  cit. 
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C.  to  85^  C,  insoluble  in  water,  slowly  soluble  in  boiling  95  per 
cent  alcohol,  readily  in  absolute  alcohol,  in  cold  ether,  chloroform, 
amyl  alcohol,  benzole,  carbon  disulphide,  oil  of  turpentine,  and 
linseed  oil ;  slightly  dissolved  in  aqueous  alkalies,  but  not  saponi- 
fying with  them.  It  is  colored  yellow  by  nitric  acid ;  acted  upon 
by  concentrated  sulphuric  acid,  and  not  by  hydrochloric  acid  nor 
aquaregia.  By  means  of  combining  sulphuric  acid  and  solvents, 
I  was  able  to  obtain  several  color  reactions  that  may  prove  upon 
further  investigation  of  value  in  identification  of  the  diflferent  veg- 
etable waxes.  With  Japanese  wax,  the  only  specimen  of  vegetable 
wax  I  could  obtain,  the  color  reactions  differed  in  each  test  from 
the  substance  under  consideration.  The  following  color  reactions 
were  obtained  with  the  petroleum  spirit  residue.  When  small 
fragments  were  stirred  on  a  watch  crystal  with  two  or  three  drops 
of  concentrated  sulphuric  acid  of  1.84  sp.  gr.  the  substance  at 
once  changed  color  to  a  clear  garnet  red  and  was  slowly  dissolved 
by  the  acid,  the  liquid  remaining  colored ;  with  different  portions  of 
the  red  acid  liquid  stiiTed  on  a  watch  crystal  with  various  solvents 
used  in  excess,  it  was  noted  as  follows : — with  absolute  alcohol 
the  color  was  instantly  dissipated  leaving  a  white  precipitate; 
petroleum  spirit  discolored  the  acid  solution,  leaving  no  precipitate ; 
ether  discolored  with  gray  precipitate;  chloroform  changed  the 
red  acid  liquid  to  yellow,  no  precipitate;  with  benzole  the  red 
color  was  changed  to  snuff-brown  gradually  passing  to  red-brown  ; 
amyl  alcohol  gave  a  rose-pink  and  slowly  passing  through  vary- 
ing tints  to  a  fine  purple.  So-called  pure  amyl  alcohol  was  used 
and  when  tested  did  not  give  a  color  reaction  alone  with  sulphuric 
acid.  The  petroleum  spirit  residue  on  boiling  with  absolute  alcohol 
and  when  warm,  thrown  into  several  times  its  volume  of  cold  water 
separated  out  as  a  white  cloud. 

Employing  a  method  by  which  melissyl  alcohol  has  been  obtained 
from  CarnaiJbawax^the  petroleum  spirit  residue  was  submitted  to 
a  like  treatment.  It  was  boiled  with  alcoholic  potash  and  sapon- 
ified, the  alcohol  distilled  off  and  lead  acetate  added  ;  a  heavy  light 
yellow-colored  precipitate  formed,  and  on  boiling  yellow  masses 
separated  out.  They  were  washed,  dried,  and  boiled  with  absolute 
ether.  The  filtered  liquid  on  cooling  deposited  a  yellow  crystalline 
anhstancO)  which  on  heating  on  platinum  foiljturned  black  and  dis- 

•Llebig  annalen,  183,  p.  ZU,  teste  Watts  Diet.  Chem. 
▲.  ▲.  ▲.  8.,  VOL.  xxxm.  18 
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appeared.  Beyond  asoertaining  the  fhsing  point,  solubilities,  and 
qolor  reactions,  the  substance  was  not  further  examined.  It  was 
found  to  fuse  between  43°  C.  and  60°  C,  the.  greatest  change  oc- 
curring between  57°  C.  and  60°  C. ;  to  be  soluble  in  chloroform  and 
ether ;  scarcely  soluble  in  cold  absolute  alcohol ;  yery  slightly  solu- 
ble in  boiling  95  per  cent  alcohol ;  not  acted  upon  by  nitric  acid 
nor  aqua  regia.  Sulphuric  acid  dissolved  the  substance  and  gave 
an  orange  color  reaction  discolored  on  adding  alcohol,  ether,  chlo- 
roform, and  ammonia  to  the  acid  liquid,  with  no  precipitate ;  with 
amyl  alcohol  a  pale  rose-pink  quickly  fading,  and  with  benzole  a 
brown  color,  were  obtained.  The  color  tests  differed  from  those 
obtained  with  the  substance  before  saponification  and  treating  with 
boiling  ether,  indicating  that  the  petroleum  spirit  residue  can  be 
separated  into  at  least  two  substances  and  possibly  more,  which 
remain  to  be  deteimined  by  a  future  study. 

The  powder  exhausted  by  petroleum  spirit  was  dried  and  similar- 
ly treated  with  absolute  ether  as  in  the  previous  extraction.  The 
ethereal  extract  of  a  greenish  color  gave  an  acid  reaction  with 
litmus,  and  on  addition  of  alcohol  the  liquid  became  turbid.  Spec- 
troscopic examination  failed  to  detect  the  characteristic  chlorophyll 
bands.  The  ethereal  residue  on  evaporation  presented  differences 
in  color  and  solidity  from  the  petroleum  spirit  residue.  It  was 
quite  brittle,  and  was  not  appreciably  softened  at  120°  C.  It  gave 
when  dried  at  100°  C.  4.52  per  cent  of  solids  extracted,  at  110°  C. 
4.44  per  cent  and  at  120°  C.  4.42  per  cent.  The  residue  when 
evaporated  at  ordinary  temperature  was  insoluble  in  petroleum 
spirit,  slightly  soluble  in  95  per  cent  alcohol,  and  carbon  disulphide, 
quite  soluble  in  cold  absolute  alcohol,  amyl  alcohol,  chloroform, 
benzole,  and  oil  of  turpentine.  Nitric  acid  gave  no  reaction.  With 
sulphuric  acid  and  small  portions  of  the  ethereal  residue,  I  obtained 
a  dark  mahogany  color.  This  solution  on  adding  absolute  alcohol 
was  partially  discolored,  no  precipitate.  With  ether  the  sulphuric 
acid  solution  gave  a  greenish  precipitate,  with  amyl  alcohol  the 
acid  solution  was  discolored  changing  to  pale-red,  then  green. 
These  tests  showing  in  each  case  a  wide  difference  in  color  reactions 
from  those  obtained  with  the  petroleum  spirit  residue.  The  amount 
of  solids  taken  up  on  treating  the  ethereal  residue  with  water  was 
•86  per  cent.  The  aqueous  liquid  was  neutral  to  litmus,  portions 
tested  for  alkaloids  gave  negative  results ;  on  warming  and  addition 
of  dilute  sulphuric  acidi  Fehling's  solution  was  reduced,  indicat- 
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ing  possibly  glucosides.  The  portion  insoluble  in  water  was  then 
treated  with  absolute  alcohol.  The  liqaid  gave  an  acid  reaction 
with  test  paper.  A  measured  part  of  the  liquid  was  evaporated 
and  the  weighed  residue  showed  1.6  per  cent,  of  solids  dissolved. 
The  residue  fh>m  the  evaporated  alcoholic  liquid  was  partially 
dissolved  by  aqueous  alkalies.  It  readily  saponified  with  alcoholic 
soda,  forming  a  soft  brown  soap,  which  on  boiling  with  lead  acetate 
yielded  a  yellow  precipitate.  This  was  collected  on  a  filter  and 
washed.  When  the  precipitate  was  boiled  with  absolute  ether  and 
the  filtrate  allowed  to  slowly  evaporate,  a  white  organic  crystalline 
substance  separated  out.  Under  the  microscope  particles  of  color- 
ing matter  were  found  to  be  interspersed  among  the  crystalline 
structures. 

The  indications  would  show  an  acid  resin  to  have  been  extracted 
by  the  ether. 

The  ten  grammes  of  powdered  bark,  after  exhaustion  with  pe- 
troleum spirit  followed  by  absolute  ether,  were  treated  with  absolute 
alcohol.  A  measured  quantity  of  the  alcoholic  extract  was  evapo- 
rated in  a  weighed  platinum  dish,  dried  until  weight  noted  was 
constant.  After  incineration  the  amount  of  ash  was  found  to  be 
.15  per  cent  of  the  original  material.  The  alcoholic  extract  for 
determination  of  total  amount  of  organic  solids  dissolved,  was 
evaporated  in  a  current  of  carbonic  acid,  when  the  residue  dried 
gave  8.6  per  cent  and  7.98  per  cent  of  solids  respectively.  A 
cloudiness  formed  on  the  addition  of  water  to  the  residue,  which 
cleared  up  on  addition  of  alkalies.  It  was  restored  by  acid.  The 
aqueous  liquid  gave  precipitates  with  calcium  and  lead  salts.  It 
reduced  Fehling's  solution  on- adding  dilute  acid  and  warming. 
N^ative  results  followed  tests  for  alkaloids.  Treating  with  two 
volumes  of  absolute  alcohol,  according  to  Dragendorff  for  detection 
of  gum,  vegetable  mucilage  was  separated.  Tests  failed  to  detect 
the  presence  of  tannin. 

The  residue  of  the  powdered  bark,  after  exhaustion  with  absolute 
alcohol,  was  treated  with  cold  water.  A  deep  red  mucilaginous 
liquid,  which  became  frothy  on  shaking,  was  extracted.  The  amount 
of  solids  in  this  solution,  on  evaporating  the  liquid  and  weighing 
the  residue,  was  found  to  be  19.11  per  cent.  In  absence  of  acid 
or  boiling,  glucose  was  identified  by  Fehling's  solution  also  by 
Mulder's  test.  A  gum  separated  by  absolute  alcohol  and  quantita- 
tively estimatedi  showed  4.8  per  cent,  of  the  amount  of  substances 
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dissolved  in  water.  The  powdered  residae,  after  treatment  with 
water,  was  macerated  with  dilate  acid,  and  gave  negative  tests  for 
alkaloids.  The  extractions  with  caustic  soda  for  identification  of 
albuminous  substances,  followed  by  chlorine  water  for  the  estima- 
tion of  lignin  and  cellulose,  have  not  yet  been  determined. 

The  results  of  the  proximate  analysis  as  so  far  completed  may- 
be stated  as  follows : 


Moisture        .        •        .        . 

9.4  per  cent. 

Petroleum  spirit  residue 

9. 

Ethereal  residue     • 

4.52 

Alcoholic  residue    • 

8.6 

Water  residue 

.       19.11 

Total  ash        •        •        •        . 

•       10.26 

Alcoholic  extract  ash 

.      00.15 

61.04 

The  difference  of  88.96  per  cent  would  include  pectose,  coloring 
matter,  and  cellulose  or  woody  fibre. 

A  qualitative  ash  determination  showed  the  presence  of  calcium, 
magnesium,  albuminum,  potassium,  sodium,  a  trace  of  iron,  sul- 
phatea,  phosphates,  and  chlorides. 

Petroleum  spirit  extracted  a  solid  substance,  yellowish-green 
in  color,  of  sp.  gravity  .984,  melting  fVom  84°  C.  to  85°  C.  insoluble 
in  water,  slightly  soluble  in  boiling  95  per  cent  alcohol,  soluble 
in  absolute  alcohol,  cold  ether,  chloroform,  amyl  alcohol,  benzole, 
carbon  disulphide,  oil  of  turpentine,  and  linseed  oil.  It  was  slight- 
ly acted  upon  by  aqueous  alkalies ;  but  readily  saponified  with 
alcoholic  soda.  Treating  the  soap  with  lead  acetate  and  boiling 
the  precipitate  with  ether,  a  yellow  crystalline  substance  was 
obtained,  melting  from  43°  C.  to  60°  C.  Sulphuric  acid  combined 
with  solvents  gave  characteristic  and  distinct  reaction  with  the 
yellowish-green  petroleum  spirit  residue,  and  with  the  crystalline 
substance  separated  from  it. 

A  scheme  has  been  proposed  for  the  identification  of  various 
waxes,  based  upon  quantitative  experiments.^  The  examination 
rendered  division  into  two  groups  possible,  according  to  the 
solubilities  of  the  waxes  with  chloroform.    Again  their  action  with 


*  Contribations  to  the  Chemlstrf  of  sereral  rarletlas  of  wax,  by  S.  Hlrtohaoho. 
Pharmaceutical  Joarnal  and  Transactions,  Vol.  z,  Marohi  1880. 
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ether,  and  acetate  of  lead  solation  added  to  the  alcoholic  solntioiis, 
allow  the  seyeral  yarieUea  of  waxes  to  be  distingQished  from  each 
other. 

The  petrolenm  spirit  residue  was  submitted  to  the  tests  proposed 
in  Hirschsohn's  scheme.  It  was  boiled  with  ten  times  its  Yolume 
of  chloroform  and  when  cool  the  liquid  became  cloudy.  By  this 
test,  the  petroleum  spirit  residue  was  placed  in  the  group  with 
Camauba  and  Bahia  wax.  An  ethereal  solution  of  the  petroleum 
spirit  residue,  on  adding  an  equal  volume  of  alcohol,  remained 
clear.  According  to  Hirschsohn's  scheme,  ^^  an  ethereal  solution 
of  Bahia  wax  similarly  treated  remains  clear,  and  by  this  means, 
the  wax  is  distinguished  from  Camauba  wax,  which  it  is  said  to 
resemble  in  most  of  its  properties.  The  wax  from  Oapemida 
ceriferaj  the  Canauba  tree  of  Brazil,  and  Camauba  wax  obtained 
from  the  leaves  of  Corypha  cerifera^  are  related  vei*y  closely  by 
their  chemical  properties  and  possibly  are  identical.^^ 

Camauba  wax  is  described  as  a  clear  yellow  wax  with  a  greenish 
tinge,  and  harder  than  beeswax.  It  contains  a  notable  percentage 
of  free  melissyl  alcohol  and  other  alcohols  very  difficult  to  separate. 
Insoluble  in  water,  it  is  dissolved  with  difficulty  by  alcohol  and 
ether,  though  readily  soluble  in  carbon  disulphide  and  oil  of 
turpentine.  It  is  not  acted  upon  by  linseed  oil;  it  is  changed 
yellow  by  nitric  acid ;  with  sulphuric  acid  no  appreciable  effect. 
The  melting  point  is  variously  stated  from  82""  C.  to  Bb""  C.  The 
specific  gravity  from  .998  to  .999. 

A  table  of  the  specific  gravity  of  the  different  kinds  of  waxes, 
prepared  by  Dietrich^',  shows  the  density  of  animal  wax  to  be 
notably  low  compared  with  vegetable  waxes.  Allen^^  states  that 
the  presence  of  vegetable  wax  in  adulterations  of  beeswax  is 
positively  established  if  the  density  of  the  sample  exceed  .970. 

By  the  method  followed  out  in  this  analysis,  petroleum  spirit 
extracted  from  the  powdered  bark  a  substance  of  constant  melting 
point,  which  is  identified  as  a  wax.  It  resembles,  in  its  ethereal 
solution  not  clouding  on  addition  of  alcohol,  Bahia  wax ;  in  melting 
point  and  specific  gravity,  Camauba  wax ;  also  the  latter  wax  by 

t«Loe.  elt. 

^>GmellB.   Handbook  of  Chemittryi  Vol.  zyiii.   Translated  by  H.  Watts,  London. 

isB.  Dietrich.  Speclflc  Gravity  of  wax.  JoarnalofChemlcalSoeiety,  1882,  Vol.  xlli, 
p.  1189. 

"A.  H.  Alien.  Commercial  Oiganlo  Analysia.  (Also  see  in  aame  work  Tables  of  sp 
gr.  waxes.) 
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its  insolubility  in  water  and  action  with  nitric  acid.  It  differs 
iVom  Carnaiiba  wax  in  its  greater  degree  of  solubility  in  absolute 
alcohol,  ether,  and  aqueous  alkalies.  Linseed  oil  is  an  active  solv<* 
ent  for  it,  but  does  not  dissolve  Camauba  wax.  The  color  reac- 
tions of  the  petroleum  spirit  residue  with  sulphuric  acid  hare  been 
described  above.  It  is  stated  that  sulphuric  acid  produces  no  effect 
with  Camauba  wax.^^ 

The  wax  obtained  fh>m  the  bark  of  Fauquieria  aplendens  differs 
generally  in  its  properties  from  known  vegetable  waxes,  and  is 
evidently  a  new  wax,  peculiar  to  this  plant.  I  propose  that  it  be 
called  Ocotilla  wax. 

In  the  ether,  absolute  alcohol,  and  water  extracts,  the  presence 
of  an  acid  resin,  a  white  crystalline  substance,  gum  resin,  glucose, 
possibly  glucosides,  gum,  and  a  red  coloring  matter  were  indicated. 

The  investigations  described  in  the  preceding  pages  were  con- 
ducted in  the  Chemical  Laboratory  of  the  Philadelphia  College  of 
Pharmacy,  August  and  September,  1884. 


The  dbnsitt  or  solid  oabbonio  acid.    By  Prof.  Jambs  Dkwab, 
Cambridge,  England. 

[▲B8TRA0T.1 

The  object  of  this  paper  is  to  compare  the  theoretical  density 
of  the  solid  as  deduced  from  the  formulie  of  Clausius,  with  ex- 
perimental number  found  by  the  author. 


The  coifFOsiTioN  and  methods  of  analysis  of  human  milk^.    By 
Prof.  Albert  B.  Leeds,  Stevens  Institute*  Hoboken,  N.  J. 

In  a  previous  paper,  *^0n  Infant  Foods,"  which  I  read  before  the 
College  of  Physicians  of  Philadelphia,  May  2,  1882,  I  alluded 
briefly  to  the  investigation  then  in  progress  upon  the  composition 
of  human  milk,  and  gave  a  tabular  statement  of  the  minimum, 
maximum,  and  average  results  of  the  analysis  of  foi*ty-three  sam- 
ples, the  total  number  of  analyses  which  I  had  made  up  to  that  date. 

>«A.  B.  Prescott.   Ontlines  of  Proximate  Organic  Analysis. 
>The  tables  and  ohartareA-om  electrotypes  of  advance  sheets  firom  the  Tronsao- 
tions  of  the  College  of  Physicians  of  Philadelphia. 
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Since  then  I  have  analyzed  thirty-seven  more  samples,  and  have 
verified  the  results  by  a  critical  examination  of  the  various  methods 
of  analysis  which  are  in  use  at  the  present  time. 

In  the  beginning  of  my  previous  paper,  I  asked  the  question, 
^' What  is  human  milk?"  and  stated  that  to  answer  this  question 
satisfactorily,  we  should  know  at  least  three  things :  1st,  All  the 
constituents;  2d,  Their  relative  proportion;  8d,  Their  chemical 
and  physiological  properties.  It  is  not  my  present  object  to  dis- 
cuss the  first  and  third  points,  except  in  the  light  of  the  following 
isolated  results  which  were  only  incidental  to  the  main  object  of 
the  present  inquiry. 

The  albuminoids  and  fat  of  a  large  number  of  samples,  as  ob- 
tained by  precipitation  with  Bitthausen's  solution,  were  extracted 
with  ether,  until  the  albuminate  of  copper  ceased  to  give  up  any 
further  traces  of  fat  to  the  solvent.  It  then  became  after  drying 
a  very  light-green  amorphous  powder. 

In  order  to  separate  the  albuminoids,  this  powder  was  digested 
with  very  dilute  hydrochloric  acid,  which  carries  some  of  the  or- 
ganic matter  into  solution  along  with  the  copper.  The  residue, 
after  washing  and  drying  at  100",  formed  brownish,  somewhat 
brittle,  amorphous   masses. 

The  percentage  of  cupric  oxide  contained  in  this  albuminate  of 
copper  was  found  in  two  analyses  to  be  20.93  per  cent  and  20.63 
per  cent.  The  ultimate  analyses  of  the  albuminate,  after  deduct- 
ing cupric  oxide,  yielded  the  following  results : — 

I.  u. 

Per  cent.  Per  cent. 

Carbon 19.07  49.17 

Hydrogea 7.1S  7.2S 

Nitrogen       ......        14.67  .... 

Salphor 1.98  1.15 

Two  analyses  of  the  total  albuminoiids,  left  behind  after  the  fore- 
going treatment  of  the  albuminate  of  copper  with  dilute  hydrochlo- 
ric acid,  gave  the  following  figures : — 

I.  II. 

Per  cent.  Per  cent. 
Carbon         ••••••           62.89  .•••. 

Hydrogen    •••.-•  7.0S  

Nitrogen       •          .          .          •          .          .           18.64                   18.00 
Snlphnr 1.49  

The  albuminoids,  separated  by  hydrochloric  acid  from  the  copper 
albuminate,  were  digested  with  50  per  cent  alcohol,  at  the  boiling- 
point.  On  cooling,  the  filtered  solution  deposited  a  white,  flooculent, 
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voluminous  precipitate,  whilst  the  residue  on  the  filter  formed  a 
somewhat  brownish  mass. 

This  precipitate  would  correspond  to  the  '^caseo-protalbin'*  of 
Danilewskj  {Jahresb.  der  Thierch.  1880,  186),  and  the  residue, 
which  was  mnch  the  larger  in  amount,  to  his  ^'caseo-albumen/' 

An  analysis  of  the  caseo-protalbin  gave : — 

Per  o«Dt. 

Carbon 05.86 

Hydrogen  ...•.«••.      6.0t 
Nitrogen 17.17 

An  analysis  of  the  ''caseine,"  obtained  by  Makris  in  quite  a  dif- 
ferent manner  from  woman's  milk,  yielded  for  its  composition, 
carbon  52.85  per  cent;  hydrogen  7.27  per  cent;  and  nitrogen 
14.65  per  cent. 

The  foregoing  analyses  render  evident  that  the  bodies  examined 
are  not  homogeneous,  and  in  every  case  the  process  of  separation 
left  behind  mixtures  of  substances  the  true  nature  and  composition 
of  which  are  at  present  unknown.  Moreover,  the  deportment  and 
properties  of  the  bodies  examined  are  such  as  to  lead  one  to  the 
conclusion  that  the  investigation  was  being  conducted,  not  upon 
bodies  in  the  condition  and  with  the  properties  which  they  pos- 
sessed originally  in  woman's  milk,  but  upon  substances  whose 
composition  and  properties  had  l)een  altered  by  the  operation  of 
the  reagents  employed. 

It  had  been  the  intention  of  the  author  to  endeavor  to  isolate 
the  various  constituents,  at  present  very  imperfectly  known,  of  the 
fat  of  human  milk.  This  desire  had  been  increased  by  the  fact 
that  the  ethereal  extract  of  the  copper  albuminate,  obtained  from 
numerous  samples,  although  not  by  any  means  from  all,  was  col- 
ored emerald-green  by  some  copper  salt.  As  to  the  chemical 
nature  of  this  copper  salt,  going  as  it  does  in  perfect  solution  in 
ether,  I  have  no  knowledge.  Unfortunately,  the  entire  mass  of 
fats  was  lost  by  accident  in  the  early  stages  of  manipulation,  and 
I  shall  have  considerable  difficulty  in  again  procuring  sufficient 
material  to  work  upon.  No  sample  of  cow's  milk  which  I  have 
analyzed  yielded  to  ether  an  emerald-colored  solution.  The  un- 
known body  is  peculiar  to  woman's  milk. 

Methods  of  Analysis. 

Passing  by  the  methods  of  analyses  which  were  employed  when 
the  nature  of  the  difficulties  to  be  overcome  was  imperfectly  under- 
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Blood,  and  omitting  ftom  discussion  in  this  paper  the  earlier  resalts 
as  obtained  by  Meggenhofen,  Payen,  Henri  and  Ghevallier, 
L'H6ritier,  Quevenne,  Simon,  Clemm,  Sherer,  Donn6,  Heilen, 
Regnault,  and  Lehmann,  the  first  method  claiming  our  attention 
is  that  made  use  of  by  Yemois  and  Becquerel,  in  their  essay 
**Dn  Lait  chez  la  Femme,''  Pans,  1853. 

Although  regarded  by  the  authors  of  the  process  as  the  smallest 
which  they  could  employ,  the  amount  of  milk  regarded  by  Y.  and 
B.  as  necessary  for  analysis  is  excessive,  being  60  grammes. 

Total  SoUds.T'Of  this,  30  grms.  are  taken  for  determination  of 
total  solids,  which  are  found  by  evaporation  to  constant  weight 
at  80°  C.  It  is  evident  that  the  evaporation  of  so  large  an  amount 
at  so  low  a  temperature  not  only  requires  very  many  hours,  but 
presents  great  difficulties  in  the  way  of  expelling  the  least  traces 
of  moisture. 

Fat, — The  total  solids  are  exhausted  on  a  filter  with  ether.  The 
loss  in  weight  is  set  down  as  fat.  Or  the  ethereal  extract  after 
evaporation  gives  the  weight  of  fat  directly. 

The  estimation  of  fat  by  loss  of  weight  involves  numerous 
sources  of  error.  And  even  the  direct  estimation  according  to  this 
method  is  erroneous,  inasmuch  as  ether  very  partially  exhausts  a 
dried  residue  of  this  nature.  Consequently,  the  figures  obtained 
by  Y.  and  B.  for  fat  are  much  too  low,  the  average  in  89  samples 
being  only  2.67  per  cent. 

The  other  30  grms.  are  coagulated  by  boiling  with  some  drops 
of  acetic  acid.  The  filtrate  contains  sugar,  extractive  matters 
and  soluble  salts. 

Milk  sugar. — Its  determination  by  the  saccharimeter,  as  per- 
formed by  Y.  and  B.,  gives  less  accurate  results  than  those  obtained 
by  direct  chemical  methods. 

Albuminoids. — The  authors  regard  the  nature  of  the  extractive 
matters  as  so  entirely  unknown  as  to  make  their  determination  by 
analysis  impossible,  and  set  down  under  one  head  what  they  de- 
nominate ^'caseum  and  extractive  matters."  Its  amount  is  found 
by  subtracting  the  sum  of  the  weights  of  fat,  sugar  and  ash,  from 
the  total  solids.  If  it  were  possible  by  their  method  to  determine 
these  four  quantities  correctly,  the  difference,  which  they  style 
caseum  united  with  extractive  matters,  would  be  the  albuminoids. 
But,  otherwise,  the  difference  represents  the  algebraic  sum  of  the 
errors  committed  in  the  various  determinations,  and  this  difference, 
in  the  present  instance,  the  amount  of  fat  and  sugar  as  stated  by 
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y.  and  B.  being  mnch  too  low,  is  oorrespondingly  too  high,  being 
8.92  per  cent. 

Analysis  by  the  same  method  as  thai  usually  employed  for  Oowf 
Hifik.— This  method,  which  is  practised  by  some  of  the  pablic 
analysis  of  New  Jersey  and  New  York,  and  which  is  a  somewhat 
modified  form  of  Wanklyn's,  will  be  found  stated  in  Caims's  Qaan-  * 
titative  Analysis,  p.  204. 

The  results  obtained  on  sample  of  woman's  milk.  Laboratory 
No.  1133,  were  as  follows  i — 

Per  eent. 
OJil 

tm 

Sj60 

8a9 


Fat    . 

AlbmninoklB 
MOk  sugar 


Total  solids  by  sommatloB 
Total  toUds  bj  eraporatioii 


isjn 


The  fat,  as  thus  determined,  is  too  low,  although  it  was  extracted 
by  digesting  the  solids  left  after  evaporation  with  boiling  ether  six 
times,  and  with  cold  ether  as  many  times  more. 

The  sugar  is  too  high.  After  weighing,  it  was  redissolved  in 
water,  and  the  amount  of  albuminoids  contained  in  it  determined. 
This  was  0.78  per  cent,  which,  subtracted  firom  the  sugar,  as  de- 
termined in  accordance  with  the  method,  left  7.41  per  cent,  which 
is  the  correct  result. 

The  albuminoids  are  also  too  high,  and  the  excess  is  still  greater 
when  the  albuminoids  contained  in  the  sugar  are  added  to  those 
as  determined  in  accordance  with  the  method,  the  total  being  3.38 
per  cent.    This  excess  is  due  to  fat. 

Correcting  the  results,  as  found  directly  by  the  method,  by  the 
results  obtained  by  separately  analyzing  the  various  educts,  we 
have: — 


Fat,  dotermiBed  by  method 
Fkt,  extracted  ftom  caselne  residne 
Aetnallkt  .... 
Albuminoids,  determined  by  metibod 
Albuminoids,  oontained  In  sugar 

Sam  of  albuminoids      •         • 
Deduct  flit  found  in  caselne  residue 
Actual  albuminoids 
Sugar,  determined  by  method  . 
Deduct  slbuminoid  found  in  sugar 
Actual  sugar  • 


4.8» 


0.78 

8.19 
0.78 


ISO 


7.41 
•Jl 


Total  solids,  by  snmmatlou 
Total  solids,  by  direct  uTaporation 


ISjfli 
1S.63 
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DeUrmmatian  of  the  Albuminoids  by  PrecipiUUion  uiith  Akio^ 
hcl.^ — 20  cc.  of  dilate  acetic  acid  are  added  to  weak  acid  reaction, 
then  foar  volumes  of  strong  alcohol,  the  mixture  well  stirred,  al- 
lowed to  settle  during  an  hour,  and  filtered  upon  a  weighed  filter. 
The  precipitate  is  washed  six  or  eight  times  with  cold  sixty  per 
"Cent  alcohol,  then  with  ether,  dried  at  120-125*'  C.  and  weighed. 
The  alcoholic  filtrate  is  evaporated  to  small  volume,  the  resultant 
precipitate  transferred  by  means  of  sixty  per  cent,  alcohol  to  a 
weighed  filter,  washed  repeatedly  with  the  same  alcohol,  and  finally 
with  ether.  These  filtrates  are  again  evaporated  to  a  small  volume, 
the  precipitate  obtained  dissolved  in  water,  an  aqueous  solution  of 
tannic  acid  added,  the  precipitate  so  obtained  transferred  to  a 
weighed  filter,  washed  first  with  water,  then  with  alcohol  and  ether, 
dried  at  120^  and  weighed.  The  three  precipitates  together  con- 
tain all  the  albuminoids.  They  must  be  ignited,  and  the  amounts 
of  ash  deducted.  This  method  gives  too  low  results  when  the 
addition  of  tannic  acid  is  omitted.  The  trial  of  this  method,  as 
performed  on  sample.  Laboratory  No.  1133,  yielded  the  following 
results : — 

Per  cent. 
Albnminoids  in  first  precipitate       •          .          •          •          •  0.66 

**            "  second  precipitate  •         .         •         •         •         0Jt5 
•«  «*  third  *« 0.48 

Total  albuminoids  BO  determined        •         .         .         •         1.6S 

The  analysis  of  these  albuminoids  yielded : — 

Per  cent. 

Fat 0.00 

Milk-sngar 0.43 

Deducting  this  amount  of  milk-sugar,  we  have : — 

Percent. 
Total  albuminoids  as  found       ......      1.68 

Deducting  milk-sngar 0.48 

Albuminoids  actuaUy  present 1.20 

Distilling  off  the  alcohol  and  ether  from  the  first  and  second 
precipitates  and  determining  the  milk-sugar  in  the  collected  filtrates 
from  the  albuminoids,  I  obtained : — 

Per  cent. 

FM 4.80 

Hilk-augar 6J» 

These  results  make  it  evident,  what,  indeed,  was  feared  during 
the  whole  course  of  the  analysis  by  this  method,  that  notwithstand- 

sHandb.  der  Phjsiolog.  Chem.  Anal.  Berlin,  1888,  p.  491.   Hoppe-Seyler. 
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ing  the  great  expenditure  of  time  in  washing  these  precipitates, 
the  washing  was  incomplete,  and  some  milk-sagar  was  left  behind. 
This  supposition  is  confirmed  by  the  fact,  that  upon  adding 
the  milk-sugar  contained  in  the  albuminoid  precipitates  to  that 
contained  in  the  filtrates,  the  sum  is  the  correct  percentage  of 
sugar. 

Determination  of  the  Albumen  and  Peptone  by  Precipitation  with 
Moffnesium  Sulphate.^ — The  assumption  upon  which  this  method 
is  founded  is  that  when  crystallized  magnesium  sulphate  is  added 
to  milk  to  the  point  of  complete  saturation,  the  caseine  is  com- 
pletely precipitated,  whilst  the  albumen  and  peptone  are  not.  In 
the  execution  of  the  method,  40  c.c.  or  a  saturated  solution  of 
magnesium  sulphate  are  added  to  10  grms.  of  milk,  and  afterwards 
crystals  of  the  same  salt  are  added  in  slight  excess  of  the  maxi- 
mum quantity  which  can  be  made  to  enter  into  solution.  After 
standing  several  hours  with  frequent  stin*ing,  the  precipitate  is 
transferred  to  a  beaker  and  washed  six  or  eight  times  with  a  satu- 
rated solution  of  magnesium  sulphate.  The  collected  filtrates  are 
then  diluted  with  water,  a  drop  or  two  of  acetic  acid  added,  heat- 
ed to  boiling  for  a  few  minutes,  filtered  through  a  weighed  filter, 
the  precipitate  washed  first  with  water  and  afterward  with  alcohol, 
dried  along  with  the  filter  at  120''  to  125^,  weighed  and  ignited. 
By  subtracting  the  weight  of  ash  from  that  of  the  precipitate,  the 
amount  of  albumen  is  determined. 

In  the  filtrate  the  peptone  can  be  precipitated  by  means  of  tan- 
nic acid,  or  by  phospho-tungstic  and  sulphuric  acids. 

I  failed  entirely  in  an  attempt  to  perform  fin  analysis  by  this 
method.  Owing  to  the  great  density  of  a  saturated  solution  of 
magnesium  sulphate  the  caseine  did  not  precipitate,  but  formed  a 
layer  on  the  surface  of  the  liquid,  and  so  slow  was  the  operation 
of  filtration  that  I  did  not  succeed  in  completely  washing  the  ca- 
seine during  the  course  of  several  days. 

Haidlen^a  Method^  as  modified  by  Christenn.  Total  Solide. — In- 
stead of  drying  the  milk  at  110^  with  one-fifth  of  its  weight  of 
powdered  gypsum,  as  proposed  by  Haidlen,  Trommer  proposed 
the  use  of  pulverized  marble,  and  Christenn  employed  powdered 
glass,  the  drying  being  conducted  at  95^  to  100°  instead  of  110°. 
Christenn  found  that  the  hygroscopic  nature  of  the  gypsum  and 

*  Handb.  der  Physiol.  Chem.  Anal .  p.  498.   Hoppe-Seyler. 
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Its  solobflity  in  alcohol  gave  riae  to  errora,  the  latter  property 
raiaii^  the  peroentage  of  milk-sngar  and  diminishing  the  percentage 
of  albuminoids.^ 

Other  CbfuCtoaita.— To  10  grma.  of  milk  add  10  c.  c.  ether  and 
20  c  c  alo^iol,  mix  thoroughly,  collect  the  precipitated  albumin- 
<Hds  on  a  filter,  and  wash  with  a  mixture  of  ether  and  alcohol 
(1 : 2)  nntil  the  filtrate  runs  through  clear.  The  precipitate,  dried 
at  95^  to  100°,  gives  the  weight  of  albuminoids  and  insoluble 
salts.  By  ignition,  the  weight  of  the  latter  is  obtained,  and  the 
difference  gives  that  of  the  albuminoids.  The  weight  of  evaporat- 
ed filtrates  gives  the  combined  weight  of  the  fat,  milk-sugar,  and 
soluble  salts.  The  loss  of  weight  after  extraction  with  ether 
gives  the  fat.  The  soluble  salts  and  sugar  are  ignited,  the  residue 
treated  with  hot  water,  the  solution  evaporated  to  dryness,  and 
ignited.  The  weight  of  this  ignited  portion'  gives  the  soluble 
salts,  and  the  milk-sugar  is  found  by  difference. 

Note.  In  the  trial  of  this  method  I  did  not  wash  the  precipitate 
of  albuminoids  and  insoluble  salts  on  the  filter,  but  by  decanting. 
The  precipitate  was  shaken  up  six  or  eight  times  with  the  mixture 
of  alcohol  and  ether,  and  the  latter  then  pipetted  off  through  a 
weighed  filter.  Finally,  the  albuminoids  were  thrown  on  the  filter 
and  washed  exhaustively  with  the  same  mixture.  The  method  of 
decantation  is  more  rapid  and  thorough,  but  even  with  its  aid  and 
with  the  use  in  all  of  250  c.  c.  of  the  mixed  solvent,  the  washing 
of  the  albuminoids  was  incomplete,  as  shown  by  the  following  re- 
sults of  an  analysis  performed  upon  sample,  Laboratory  No.  1133. 

Analysis  according  to  the  Haidlen-Christenn  method : — 

Per  oeot 

Fat S.90  I 

AlUmninoldB 8J9 

Sugar  .  .  •  •       • 8JS  i 

Ash 0^  I 

Total  toUdt IZM  I 

These  various  educts  of  the  Haidlen-Christenn  method  were  an- 
alyzed and  separated  into  their  individual  constituents.  The  al- 
buminoids were  exhausted  with  ether,  and  the  fat  determined  in 
the  ethereal  solution.  The  residue  was  then  exhausted  with  water, 
and  the  sugar  determined  in  the  aqueous  extract.    In  the  final 

*  The  addition  of  gjrpsnm,  marble,  glais,  sand,  etc.,  it  uimeceisary  and  a  aonroe  of 
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residue,  containing  according  to  Haidlen  the  sagar,  the  nitrogen 
was  determined  directly,  and  multiplied  by  6.25  to  obtain  the 
percentage  of  albuminoids.  The  nature  of  the  errors  inherent  in 
the  method  is  strikingly  shown  when  the  corrected  results  obtained 
in  this  manner  are  compared  with  those  stated  in  the  preceding 
table : — 

Per  cent         P«r  oent. 
7st,  extracted  ftom  the  albimiinoidi  •         •     0.76 

Fat,  extracted  lh)m  sagar  residue  .         •     S.90 

Fat,  total  as  Urns  fband  ...•••        8.66 

Albamlnoids,  determined  by  method  .         •     S.19 

Dedacting  nit  in  albuminoids  ....      0.76 

Deducting  soger  in  albamlnoldt       .         •         .     0.16 

Actual  albuminoids       •••••••        1.17 

Sugar  in  albuminoids     •         .  .         .         •     0.16 

Sugar  in  final  residue    •  •         .         •         •     7.10 

Actual  sugar        •••••#   ^-*~  7.96 

Ash 0.21 

Total  solids,  as  found  by  turn'matlon  19.60 

Total  solids,  as  found  by  eyaporation  18.66 

Loss         •#••••  1.96 

This  loss  of  1.26  per  cent  represents  fat,  which  I  did  not  suc- 
ceed in  perfectl}'  exhausting  from  the  sugar  residue  after  evapora- 
tion to  constant  weight,  although  the  treatment  with  ether  was 
performed  very  many  times. 

Meigf^  Method^  Total  Solida  and  Ash. — ^Pipette  off  5  c.  c.  of 
milk  into  a  platinum  dish  and  weigh.  Evaporated  to  dryness  on 
a  water-bath  to  constant  weight.  Incinerate,  best  over  a  blast- 
lamp,  and  weigh  the  ash. 

FaJt. — ^Weigh  off  10  c.  c.  in  another  dish,  and  wash  with  the  aid 
of  20  c.  c.  of  water  into  a  tall  100  c.  c.  stoppered  cylindrical  grad- 
uate. Add  20  0.  c.  ether,  stopper,  shake  for  five  minutes,  then 
add  20  c.  c.  alcohol,  and  shake  five  minutes  more. 

Allow  the  cylinder  to  stand  until  the  ether  has  risen  to  the  top, 
pipette  off,  add  5  o.  e.  ether,  shake,  allow  to  separate,  pipette  off 
and  repeat  this  operation  five  times.  Evaporate  off  the  ether  in 
a  weighed  dish ;  the  increase  in  weight  is  fat. 

Camnt  and  /Stigrar.— The  remaining  contents  of  the  graduate, 
after  the  ethereal  solution  of  fat  has  been  removed,  are  washed 
into  a  platinum  dish  and  evaporated  to  dryness  on  a  water-bath* 
The  residue  is  treated  with  boiling-water,  and  allowed  to  stand. 

•  Philadelphia  Medical  K6W8,  Jont,  1889. 
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The  andissolved  caseine  precipitates,  the  solation  of  sngar  is  poured 
off.  This  latter  is  again  evaporated  to  dryness,  and  the  same  pro- 
cess of  settling  and  decantation  repeated.  This  mnst  be  done 
four  or  five  times,  until  it  is  found  that  when  boiling  water  is  poured 
upon  the  dry  sugar  it  dissolves  completely,  no  flocculi  of  caseine 
being  seen  in  suspension.  The  caseine  residue  is  then,  after  being 
dried,  treated  once  or  twice  with  boiling  water  to  extract  sugar. 
This  sugar  is  added  to  the  main  portion.  Both  caseine  and  sugar 
are  then  evaporated  over  the  water-bath  to  constant  weight,  in- 
cinerated over  a  blast-lamp,  and  the  losses  in  weight  give  the 
amounts  of  caseine  and  sugar  respectively. 

Experimental  Trial  of  Method. — Total  Solids.  In  the  weighing 
out  of  milk  it  must  be  poured  directly  into  the  dish  in  which  it  is 
weighed.  If  a  pipette  be  used,  the  milk  leaves  minute  particles 
upon  its  walls,  and  the  alteration  in  composition  thus  produced  is 
the  greater,  the  more  extensive  the  wetting  sui-faces  of  the  measur- 
ing vessel. 

Evaporation  to  dryness  on  a  water-bath  to  constant  weight  is 
tedious,  usually  requiring  three  hours,  and  is  neither  so  accurate 
nor  so  expeditious  as  the  method  of  coagulation  with  alcohol. 

Thus  with  sample  No.  1183 : — 

To  5.1195  grms.  milk  added  8  c.c.  alcohol,  evaporated  to  dryness 
on  water-bath,  an  operation  requiring  one-half  hour,  and  then  to 
constant  weight  in  air-bath  at  105°,  requiring  with  intervals  for 
weighing  one  hour  longer. 

Loss  of  weight  0.699  grm.  or  18.56  per  cent. 

Compare  with  this  the  results  obtained  by  direct  evaporation  with- 
out coagulation. 

Evaporated  5.059  grms.  of  same  milk  for  three  hours  on  water- 
bath. 

Loss  of  weight,  0.6985  grm.  or  18.81  per  cent. 

Dried  the  same  for  two  hours  longer  in  air-bath  at  105°.  The 
weight  decreased  to  18.59  per  cent. 

Dried  the  same  for  two  hours  longer  at  108.°  The  weight  de- 
creased to  18.56  per  cent.  In  other  words,  at  the  expiration  of 
seven  hours,  I  had  obtained  the  same  constant  weight  as  I  had 
found  by  the  method  of  coagulation  at  the  expiration  of  one  and 
one-half  hours. 

The  explanation  of  the  difiSculty  of  evaporating  milk  without 
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addition  of  any  kind  is  evident,  the  caseine  coagulated  by  heat 
forming  a  skin  upon  the  surface  of  the  milk  which  renders  any 
further  evaporation  very  difficult.  Alcohol,  on  the  other  hand, 
divides  the  milk  into  fine  coagula,  which  readily  permit  the  escape 
of  moisture. 

FaU — ^When  water  is  present,  ether  will  extract  not  only  fat, 
but  substances  soluble  in  water.  This  was  probably  the  case  in 
the  present  instance,  and  experiment  confirmed  the  conjecture. 
After  distilling  off  the  impure  ether,  drying  the  fat  to  constant 
weight  at  105''  and  weighing,  the  fat  thus  obtained  was  redissolved 
in  absolute  ether.  In  every  trial  a  residue  was  left  behind.  This 
residue  dissolved  readily  in  water.  It  proved  to  be  milk-sugar, 
and  its  percentage  was  determined  and  added  to  that  found  else- 
where. 

Caseine  and  Sugar. — The  method  has  two  objections.  The  al- 
buminoids of  milk,  and  more  especially  of  women's  milk,  are 
partly  soluble  in  boiling  water,  and  cannot  be  perfectly  separated 
f^om  milk-sugar  by  its  use.  In  the  second  place,  the  finely-divided 
albuminoids  left  after  evaporation  to  dryness  and  treatment  with 
boiling  water  cannot  be  accurately  separated  by  the  crude  method 
of  settling  and  decantation.  As  a  result,  in  case  the  albuminoids 
are  washed  in  this  manner  so  completely  that  they  do  not  contain 
any  milk-sugar,  their  amount  will  be  much  too  low,  while  that  of 
the  sugar  will  be  correspondingly  too  high.  The  percentage  of 
albuminoids  in  the  milk-sugar  was  determined  by  direct  determin- 
ation of  contained  nitrogen  in  the  following  test  analyses. 

An  attempt  was  made  to  separate  the  albuminoids  by  decantation 
through  a  weighed  filter,  but  the  process  was  extremely  tedious, 
the  albuminoids  so  coagulated  quickly  gumming  up  the  filter  paper. 

The  results  obtained  were  as  follows,  several  analyses  being 

made  of  the  same  sample,  No.  1133. 

Per  cent. 
Fat,  orie^nally  obtained       ..'•...  4.77 
Fat,  after  rediBsolving  in  absolnte  ether  .  .  .  .  .4.66 

Containing  by  direct  determination,  mUk*0ngar         •         •  .  0.10 

Fat  ae  originally  obtained  .......  iJSi 

Fat,  after  redisaolving  in  absolnte  ether  .         •  .         .4.48 

IttTriai, 

Albnminolda  In  residue       ..••.••  0.79  * 
Albuminoids  in  milk-sugar  ..•••.  0.68 

Total  albuminoids   .  •  •  i  •  •  .1.42 
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Albaminoids  on  weighed  Alter      •••••.  0.36 
Albnminoids  la  milk-sugar  ......  0.71 

Total  albuminoids •  1.07 

Sd  Trial, 

Sagar  as  origtaally  determined     ..••..  8.30 
Add  sugar  contained  in  fat  •  •  •  •  •  •  .  0.84 

8.64 
Deduct  albuminoids  contained  In  milk-sugar   .         •  .0.72 

Actual  milk  sugar 7.i^ 

Summarif  of  Analy%u. 

Per  cent.         Per  cent. 

(1)  (2) 

Ash  (not  with  blast) 0.21  0.21 

Fat 4.77  4.82 

Albuminoids 0.79  0.36 

Sugar 8.01  8.30 

13.78  13.69 

The  results  obtained  by  Meigs's  method  will  always  differ  from 
those  by  Hoppe-Seyler's,  Haidlen's,  and  Ghristenn*s  methods,  and 
from  Ritthausen's  method,  by  giving  necessarily  a  lower  percentage 
of  ash,  a  higher  percentage  of  fat,  a  lower  amount  of  albuminoids, 
and  a  larger  percentage  of  milk-sugar.  These  differences  are 
inevitable,  and  depend  upon  errors  inherent  in  the  method. 

Oerber-RiUJiausen's  Method, — After  using  for  a  considerable 
length  of  time  the  methods  of  milk  analysis  in  common  use,  the 
author  was  led  by  a  comparison  of  the  results  obtained  thereby 
with  those  found  by  Bitthausen's  method  to  abandon  the  other 
methods  and  adopt  Ritthausen's.  The  latter,  as  modified  by  Ger- 
ber,  has  now  been  in  constant  use  in  his  laboratory  for  more  than 
two  years,  and  hundreds  of  analyses  have  been  performed  in  ac- 
cordance with  it.  The  author  regards  it  as  the  only  method  known 
at  the  present  time,  which  is  precise  and  rigidly  accurate.  More- 
over, it  is  so  rapid,  and,  when  familiar,  so  easy  of  execution,  that 
its  employment  soon  becomes  a  source  of  pleasure  and  satisfaction. 

Details  of  Method.  Total  Solids. — Weigh  off  6  grms.  of  milk 
in  a  tared  covered  platinum  capsule.  Coagulate  with  absolute 
alcohol  (about  3  c.c.  areuse^),  and  evaporate  to  dryness  on  water- 
bath.  Transfer  to  drying-oven,  and  keep  at  105°  C.  until  constant 
weight  is  attained. 
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Ash. — Ignite  the  residue  first  over  a  small  flame,  and  finally 
at  a  dull-red  heat.  Cover  the  dish,  cool  in  the  desiccator,  and 
weigh. 

Albuminoids. — Dissolve  63.5  grms.  pare  sulphate  of  copper  in 
a  liter  of  water.  Prepare  also  a  potash  solution  containing  50 
grms.  caustic  potash  in  1  liter. 

Weigh  out  10  grms.  of  milk  in  a  covered  beaker  glass,  and 
dilute  with  100  c.c.  water.  Add  2.5  to  3  c.c.  of  the  copper  solution. 
Then  run  in  sufficient  potash  to  exactly  neutralize  the  excess  of 
sulphate,  which  will  require  about  1.25  to  1.5  c.c  of  the  potash. 
The  coagulated  albuminoids  settle  immediately,  leaving  the  liquid 
clear.  In  testing  the  reaction,  the  stirring-rod  which  has  been 
washed  and  withdrawn  from  the  solution  as  soon  as  the  potash  has 
been  stirred  in,  is  dipped  into  the  clear  supernatant  liquid.  A 
drop  of  this  liquid  should  turn  neutral  test-paper  neither  blue  nor 
red.  Care  should  be  exercised  not  to  allow  the  stirring-rod  to 
bring  up  particles  of  the  coagulum,  since  these  interfere  with  the 
reaction.  The  clear  liquid  is  then  decanted  through  a  filter-paper, 
previously  dried  at  110°,  and  weighed  in  a  weighing-flask.  The 
precipitate  is  then  stirred  up  with  100  c.c.  water,  allowed  to  settle, 
the  supernatant  liquid  again  decanted  through  the  filter,  and, 
finally,  the  precipitate  is  washed  upon  it.  The  beaker  is  thoroughly 
cleansed  with  a  rubber  washer,  and  all  these  filtrates,  amounting 
to  about  240  c.c,  are  finally  made  up  to  exactly  250  c.c.  for  the 
determination  of  milk-sugar. 

The  filter  paper  containing  the  precipitate  is  then  opened  out 
upon  a  large  watch-glass,  and,  after  drying  to  a  certain  point,  is 
divided  up  into  small  particles  by  a  platinum  spatula,  and  this 
comminution  is  repeated  from  time  to  time  until  finally  the  whole 
mass'  becomes  a  fine  powder. 

Fat. — ^The  filter  paper  containing  the  precipitate  is  gathered  up 
and  placed  loosely  in  a  proper  funnel.  The  beaker-glass  used  for 
the  precipitation  is  washed  out  with  ether  to  dissolve  any  traces 
of  fat  adhering  to  it,  and  these  ethereal  washings  are  poured 
through  the  funnel  and  allowed  to  run  into  a  small  weighed  flask, 
with  which  the  funnel  is  connected  by  a  ground-glass  joint.  The 
funnel  is  then  connected  with  a  return  cooler,  the  flask  carefully 
heated  by  a  water-bath,  and  the  filter  paper  is  made  to  swim  in 
the  ether  condensed  in  the  funnel  for  about  an  hour,  when  the  ex- 
traction of  fat  will  be  complete.    The  ether  is  distilled  off,  the 
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flask  dried  at  a  temperature  of  105^,  cooled  in  a  desiccator,  and 
weighed.    Its  increment  in  weight  gives  the  amount  of  fat. 

AlbumiTioids. — The  residue  in  the  filter  is  dried  at  110®,  and 
weighed  in  the  weighing  flask  until  constant  weight  is  attained. 
It  is  then  ignited  in  a  platinum  crucible,  and  the  weight  of  ash 
deducted.     The  loss  of  weight  is  the  amount  of  albuminoids. 

Milk  Sugar. — This  is  determined  in  the  filtrate  by  Fehling's 
solution.  The  figures  thus  obtained  are  identical  with  those  found 
by  evaporation  of  the  filtrate  to  dryness,  igniting,  and  subtracting 
ash. 

In  case  the  above  method  is  carefully  followed,  the  sum  of  the 
several  constituents  as  separately  determined  will  not  differ  by  an 
appreciable  quantity  from  the  amount  of  solid  matter  as  deter- 
mined directly  by  evaporation.  Thus,  it  will  be  seen  from  the  ac- 
companying table,  giving  the  results  of  62  separate  anal^'ses  of 
human  milk  (excluding  Laboratory  No.  1063  as  being  manifestly 
affected  by  some  accidental  error),  the  maximum  difference  is 
0.21  per  cent. 

The  average  error,  as  determined  by  ordinary  arithmetical 
methods,  is  0.001  per  cent.  The  probable  error  of  any  individual 
analysis,  as  determined  by  the  method  of  least  squares,  is  a  differ- 
ence of  0.0098  per  cent,  in  the  sum  of  the  several  constituents  as 
found  by  addition,  and  the  sum  as  determined  by  direct  evap* 
oration. 

This  close  agreement  does  not  itself  prove  the  accuracy  of  the 
methods  employed,  but,  in  connection  with  the  fact  that  an  an- 
B\ysis  of  the  fat  showed  no  trace  of  albuminoids  or  sugar,  that  an 
analysis  of  the  albuminoids  revealed  no  sugar  or  fat,  and  that  an 
analysis  of  the  sugar  showed  no  albuminoids  or  fat,  ii  does  afford 
such  proof. 

The  only  serious  objection  to  the  method  is  that,  in  the  precipi- 
tation of  the  albuminoids  by  Ritthauscn's  solution,  hydrated  basic 
sulphate  of  copper  is  precipitated  at  the  same  time,  and  that  this 
hydrate  does  not  lose  its  water  at  the  temperature  at  which  drying 
of  the  albuminates  is  effected.  Hence,  the  weight  obtained  would 
be  in  excess  of  the  true  amount.  This  objection  is-  not  borne  out 
by  the  results  of  analyses  of  the  precipitated  cupric  albuminate, 
since  I  have  failed  to  detect  in  it  the  presence  of  more  than  traces 
of  hydrated  basic  sulphate. 
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History  of  Samples  Analyzed. 

Samples  42  to  55  inclusive  were  obtained  by  Dr.  K.  Parker  from 
inmates  of  the  Infants'  Asylum  of  New  York ;  all  the  others  were 
obtained  by  Dr.  A.  M.  Thomas,  Chief  of  Medical  Staff  of  the 
Emigrants'  Asylum  and  Hospital.  Both  of  these  physicians  have 
given  their  personal  attention  to  the  collection  of  the  samples, 
and  in  every  instance  tabulated  the  physical  history  of  the  mother 
iunder  the  following  heads : — 

I.  Mother's  name  and  nationality. 
II.  Married  or  single. 

III.  Age. 

IV.  Color  of  hair,  etc. ;  blonde  or  brunette. 
Y.  Period  of  lactation. 

TI.  Right  or  left  breast,  or  both. 
VII.  Quantity  obtained. 
YIII.  Time  after  last  nursing. 
IX.  Time  of  day. 
X.  Number  of  parturitions. 
XI.  Presence  or  absence  of  menstruation. 
XII.  Present  or  former  illnesses.    Child-bed  convalescence. 
XIIL  Physical  antecedents  of  mother  and  parents. 
XIV.  Mother's  diet. 

XV.  Health  of  infant. 
XVI.  Weight  of  infant  at  birth,  and  at  collection  of  sample. 
XVII.  Age  of  infant. 

It  is  not  necessary  to  give  n  detail  all  these  statistics.  The 
mother's  diet  in  every  instance  was  simple,  but  abundant  and 
nutritious.  Only  normal  milks  were  analyzed,  such  as  came  from 
heal  thy  women;  these  presented,  when  submitted  to  the  microscope, 
a  normal  appearance. 

The  physical  history  of  mothers  and  infants  is  given,  as  far  as 
our  present  purposes  require,  in  the  accompanying  tables. 
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TABLE  I. — HISTORY  OF  SAMPLES  ANALYZED. 


I. 

II. 

Mo- 

Vo. 

ther's 

age. 

IS 

28 

14 

38 

7 

119 

18 

>■ 

47 

6 

88 

Ifi 
16 
26 
29 
80 
40 

8 
4A 
67 
41 
81 
82 
84 
Si 
6.) 

4 
89 
48 
31 
S4 

9 

fl 

68 

8 

6 

2 

66 

12 

1 

17 

11 

90 

23 

10 

A3 

27 

62 

on 

25 
19 
64 
48 
48 
22 
44 
46 
80 
49 
60 
61 
62 
63 
66 
67 
68 
60 
86 
87 


26 
S3 
20 
23 


24 
24 
29 
83 
28 
23 
18 
28 
21 
23 
.  • 
23 
23 
23 
20 
39 
89 
16 
32 
19 
31 
31 
35 
33 


I!! 


18 
30 
26 
26 
19 
28 
26 
27 
20 
33 
19 
30 
80 
33 
86 
84 
21 
19 
29 
88 
30 


III. 


IV. 


Nationality 


German 
Iriith 
Nos.  7-38 
same 
mother 
American 
Pole 
German 
German 
No.  15  to 
No.  30 
lame 
mother 
Negreee 
Hungarian 
German 
American 
Scotch 
Irl«h 
English 
Gernlan 
German 
Irish 
Dane 
Irish 
Irish 
American 
German 
Italian 
Irish 
American 
German 
German 
Irish 
Irish 
German 
Irish 
German 
same  as  1 
German 
Slavonic 
Bohemian 
Scotch 
Irish 
German 
Swedish 
German 
Irish 
Irish 
German 
American 
Irish 
Swedish 
American 
Hnlatto 
American 
Irish 
Scotch 
German 
Irish 
Irish 
French 
Irish 
Irish 
Irish 


Color  of 
hair. 


Brown 

Dk.b'wn 

Dk.b'wn 


V. 


Period 
of  lao* 
tation. 


Brown 
Dk.  b'wn 
Bruwn 
Light 
A 
typical 
Blonde 


Black 

Black 

Lt.  b'wn 

Brown 

Fair 

Black 

Black 

Dk.b'wn 

Brown 

Dk.b'wn 

Light 

Dk.b'wn 

Brown 

Red 

Dk.b'wn 

Black 

Brown 

Dk.  b'wn 

Lt.  b'wn 

Brown 

Brown 

Dk.b'wn 

Dk.b'wn 

Brown 

Brown 


Lt.  b'wn 

Brown 

Brown 

Brown 

Bed 

Lt.  b'wn 

Light 

Brown 

Brown 

Dk.b'wn 

Dk.b'wn 

Brown 

Brown 

Brown 

Light 

Black 

Lt.  b'wn 

Lt.  b'wn 

Lt.  b'wn 

Brown 

Black 

Lt.  b'wD 

Dk.b'wn 

Brown 

Dk.  b'wn 

Lt.  b'wn 


1 

1 

2 

6 

19 

29 

8 

3 

3 

3 

5 

13 

17 

27 

3 

3 

4 

5 

6 

6 

8 

10 

10 

11 

12 

13 

13 

17 

19 

20 

32 

23 

23 

25 

26 

27 

30 

41 

45 

49 

46 

50 

53 

83 

88 

89 

90 

93 

115 

126 

132 

150 

167 

180 

180 

186 

217 

270 

21 

12 

27 

19 

210 

90 

153 

93 


day 


<t 


days 


14 

(« 

(« 

t( 

K 

<( 

If 

«< 

(t 

4( 

II 

it 

«( 

(t 

l< 

t( 

t( 

(( 

«( 

>f 

l( 

«( 

<t 

l( 

<« 

t{ 

tt 

<t 

ft 

tl 

II 

II 

tt 

<l 

t| 

II 

If 

II 

I* 

11 

l( 

II 

l| 

It 

II 

II 

II 

It 

tl 

tt 

tl 

II 

II 

II 

tt 

II 

tl 

II 

11 

tl 

II 

It 


VI. 


Breast. 


Right 


KB- 

•  •  •  • 


Left. 


R. 

ft. 


>tf  R. 
R. 

3^R. 

•  •  •  • 

KR. 


HR- 

■  •  •  • 

R 
KB. 

■  •  •  • 

KR- 
14  R. 

•  •  •  • 

XR. 
R. 

■  •  •  • 

K  R. 

H^' 
^R. 

>iR. 

•  •  •  • 

>iR. 

KR. 
KR. 

UR. 

»4r. 

KR. 
i^R. 
WR. 

Sr 

KR. 
HR. 
KR. 

R. 

R. 

KR- 
R. 


L. 

L. 

KL. 

L. 

^L. 

m  •  •  • 

\!- 

L. 

L. 
L. 

«L. 

•  •  ■  • 

L. 

V^L. 
HL 

•  •  •  ■ 

XL. 
ML 

KL. 

>iL 


VII. 


Interval 

since 
nursing. 


2  hours 

3  •* 


a 

5 
3 
8 

8 


K 


II 

II 
II 
If 

tl 


VIII. 


30  min. 
30      •' 
4^  hours 

2  •' 
SO  min. 
30      '• 

1  hour 

0  min. 

1  hojr 

0  •* 

1  " 

3  hours 
0      '• 

2  «• 


>^  Lf   ^  hour 


L. 


L. 

\'- 

■  ■  •  • 

14  L. 
ML 

•    •    •    • 

L. 

XL. 
KL. 

1^- 
«L. 
«L. 
^  L. 
>iL. 
KL. 

KI4I 

H  L. 
>iL. 

]A  L. 


14  L. 


5  hours 
2      " 

1  hour 
4|^  hours 

6  »• 

2  •• 
}^  hour 

o  hours 
6      '• 


tl 


3 

}4  hour 

5  hours 
2      *• 
^  hour 

2  hours 

3  " 
2      " 

1  hour 

2  hours 
2      ♦• 

2      '* 
}i  hour 
2  hours 
2      •♦ 
2      •• 
2      •• 
5  min. 
5      " 
5      " 
5      »* 

1  hour' 

2  hours 
2      •* 

2      *» 


Par- 

turi- 
tions. 


1 
2 

1 


1 
9 
1 
1 


1 
2 
1 
1 
3 
1 
1 
5 
3 
1 
1 
3 
2 
1 

•  • 

3 
5 
1 
1 
1 
1 
3 
3 
1 
1 

■  • 

1 
1 
6 
3 
I 
1 
1 
1 
1 
1 
1 
3 
1 
1 
3 
3 
1 
1 
1 
3 
1 
1 
6 
1 
1 
3 


IX. 


Infant's  weight. 


At  birth. 


6  lbs.    5  01. 
6    "   18   " 
5    ••    11    »• 


9  "  6>^  *» 

7  It  5    II 

8  *•  11    " 

9  '»  15    " 


6  »•      0    *• 

8  "      6    ** 

g  It      41. 

5  •*  13\i  " 


If 


It 


At  present. 


6  lbs. 12  01 


tt 


13 


ft 


ft 


14 


II 


9  «*    0    " 

7  tl    g    It 

8  *•    4    •• 
7  It  12    •• 

7     ft     IQ        f« 

1  7'""li*  •• 


tl 
II 


10  " 
2  •• 


7        It  Q      It 

6    •*    12    " 
6    •«     2    " 


8    *•    12    *• 
7    II      g    It 


6    *• 
5    •• 


0    " 

8    '• 


6  *' 

7  •• 


10   '* 
8   •* 


tl 
II 
II 
(I 
tl 


II 

It 
tt 
II 
It 


5 
8 
8 
8 

IS 

It    14    .1 

I.  ]3^ii 

'"  *ii"ft 
tl    13    It 


6    ••    13 


It 


ft 


8 


It 


8 


ft 


8 


6  " 

7  " 

7  " 

8  «♦ 


3 

8 
8 
3 


i« 


If 
It 
ft 
If 


XI. 


8  ••  13  •• 

8  ♦•  2  " 

8  »•  5  •• 

8  "  0  »* 

9  "  8  •* 

11**««*  3"" 

13  "  5  *• 


11 


II 


3 


tl 


13  '*  11    •• 

14  "  7  •« 
13  •«  43^»' 
13  '•  12^** 


22  *'    7    •• 

15  "    4)i« 

15  ••    3    •• 

16  •'  9>i'* 
5  *•  8  •• 
7  ••  10    " 


8  •*  3  •* 

18  ••  0  •* 

13  "  10  •* 

14  •*  8  «« 
13  ••  4  ff 


Infant's 
age. 


3  days. 
3    *' 
Died. 


3  days. 

4  *^ 

n     f< 


34 
33 
84 
87 

37 


4    •• 

4  •* 

5  " 
5  •• 
5    " 

8  •* 

9  •» 
10  »« 
10    *• 

Dead. 

13  days. 

14  *» 
Dead. 

17  days. 

81    *^ 

21    " 
If 

IC 

tt 
t« 
ff 

29  ** 

SO  " 

44  «• 

46  •• 

48    " 

53    *• 

55    " 

83    •• 

88    «• 

90    •* 

92  *' 
Still-born. 
116  days. 
128  •' 
138  •• 
150  " 
167    *• 

Dead. 
183  days. 
186    •• 
218    •« 

273    ** 
21    «« 

13  •• 

29  *• 

21  " 

210  " 

90  *• 

153  •• 

98  " 


Descriptions  lost. 


214 


8ECTI0H  0. 


TABLB  11. — ANALYSES  OP  »0  SAMPLES  OP  HUMAN  MILK. 


Nam- 
iMron 
blank. 


I 


6 
f 
7 
8 

9 

10 

11 

12 

18 

14 

lis 

16 

17 

19 

19 

80 

SI 

38 

8) 

84 

8A 

86 

87 

28 

SO 

80 

31 

82 

83 

81 

SA 

86 

87 

88 

89 

40 

41 

42 

43 

44 

4S 

46 

47 

48 

49 

00 

01 

A3 

83 

84 

A5 

06-89 
60-63 

64 

68 

66 

67 

6S 

BobuNt 

Aunmio 


Laborft- 

tOTT 

Bum  06 


1021 
1022 
1083 
1024 
1029 
10*26 
1027 
1028 
1029 
103D 
1031 
1038 
103:< 
1034 
1038 
1086 
1037 
1038 
inSP 
1040 
1041 
1042 
1013 
1044 
1048 
1046 
1047 
1048 
1049 
1080 
1051 
1082 
1053 
1054 
1056 
1057 
1058 
1061 
1066 
1066 
1067 
10.58 
1089 
1060 
1061 
1062 
1063 
1068 
1069 
1070 
1071 
1072 
1078 
1074 
1075 
1138 
1184 
1138 
1137 
1138 
1139 
1140 
6oaNea 
6  cases 


Ifaxlmnm 

Mlniraam 

ATeraffo 


Color. 


Yellow 
WhlW 


White 
Yw.whlto 
Yellow 
Yellow 


Yellow 
Yellow 
DoU-white 


White 

White 

Yw.-white 
Chalky-whlta 

Yw..white 

Yellow 
ChalkT  white 

White 

Yellow 
Cbalk7.white 

White 

Yw.-whlte 

Yellow 

White 

White 
Chalky.whiU 

White 

Yw.. white 

White 

Yellow 

Yw.-whlte 

White 

White 

Yellow 

White 

White 

Yw.-white 

White 


•••••• 


ff" 


8p8e. 
frav 


1.0381 
1.0851 

1.0853 

1.0346 

1.030 

1.030 

1.034 

1.080 

1.032 

1.03-» 

1.0.S1 

1.081 

1.030 

1.0)2 

1.0:« 

1.030 

1.0H4 

1.088 


1.030 
1030 
1.0:)2 

l.o:)o 

1.031 
1031 
1.030 
1.081 
1.083 
1.080 
1.080 
1.084 
1.032 

i.asi 

1.032 
1.021 
1.0  iO 
1.082 
l.OSl 
1.031 
1.031 
1.030 

i.asi 

1.031 


1.44 
1.68 
1.96 
1.78 
1.49 
1.45 
3.12 
2.15 
2.05 
1.43 
1.98 
1.76 
2.40 
2.52 
2.18 
0.88 
1.49 
3.98 


2.10 
1.94 
2.16 
2.08 
1.98 
2.23 
81 
2.11 
2.27 
1.88 
2.24 
8.19 
2.48 
2.43 
1.60 
1.82 
2.33 
1.75 
2.48 
1.97 
1.50 
1.49 
2.88 
1.35 


«e 


7.20 
7.58 
7.31 
7.26 
7.23 
7.24 
6  47 
6.51 
7.08 
7.19 
6  99 
6.97 
6.45 
6.44 
6.78 
6.50 
7.87 
7.93 


8.88 
8  58 

4.62 
2.95 
2.12 
.3.80 
8.49 
3.31 
3.00 
2.11 
3.06 
2.44 
6  01 
4.98 
2.81 
6.16 
8.02 
4.87 


1.032  4.86 


11.93 
'2.00 
'2.06 
2.42 
2.18 
1.82 
,150 
l2.<8 


1.012 
1.031 
1.031 
1.080 
1.031 
1.029 

i.aso 

1.026 
1.0»>7  1.16 
1.0294  1.95 
1.0312  2.00 
031  » 2.25 
03071.11 
1.0.S221.96 
1.0.S17  2.17 
1.0:^1  1.44 
1.031  2.12 

I 
1.03.'VS4  86 
026no.S5 


6.61 
7.48 
7.00 
0.98 
7.00 
7. .39 

?:« 

6.75 
5.84 
;6.28 
17.46 
7.34 
J7.23 
7..U 

;6.96 

'5.78 

6  94 
!6.08 
7.38 
7.32 
7.81 
7.48 
7.24 
5.40 
6.95 
6.98 
6.39 
6.95 
6.76 
6.83 
7.-34 
6.57 
741 

7  02 
6.69 
7.12 
7.07 
7.28 
7.44 
6.94 
6.74 

7.92 
5.40 


.J 


4.na 

3.61 
5.84 
3.28 
2.44 
2.98 
3.80 
8.04 
5.96 
5.63 
3,76 
6.80 
8.18 
3.79 
6.21 
8.97 
4.21 
8.68 
8.82 
4.16 
8.77 
4.34 
2.47 
4.09 
886 
8.59 
4.64 
4.75 
8.60 
6.78 
4.28 
8.10 
4.94 
4.74 
3  85 
3  96 
585 
2.78 
4.74 
4.36 
i3.71 
3  96 

6S9 
2.11 


<2S 


« 


8.81 0.17 
9.420.21 
9.450.18 
9.19:0.18 
8.900.18 
8.930.34 
9.91 0.82 
8  94  0.28 
9.260.18 

8  81 0.19 
9.17  0  20 
8.930.20 
9.07  0  2i 
9.2:^0.27 
9.06  0  13 
6.57  0.82 

9  ai  0  17 
12  09  0.22 

....0.18 
...0.80 
....0.32 
....|0.2l 
8.910.20 
9.66kl.l6 
9.88,0.22 
9.26'0.20 
9.19;0.21 

9.a3:o.2i 

8 

9 

9 

7.210.14 

8.84  0..'i5 

9.900.25 

9.980.21 

9.&.S  0.22 

9..370.32 

8.97  0.19 

8.32  0.21 

8.97,0.28 

8.72'0.19 

9.600.25 

9.000.18 

9  01  0.21 

9.97;0.16 

8.89  0.31 
9.460.20 

9.06  0.18 
9.16  0.81 
8.(S2  0.22 
9..')6  0.t9 

9.07  0.16 
9.02  0.87 
8.92  0.18 
9.27  0.27 
8.78  0.21 
9A9  0.22 
9.0r0..32 
9.52  0.15 
8.40  0.22 
9.54  0  30 

9.90  0.29 

8.63  0.26 

9.02  0.22 

I 
12.09  0..<J7 

6..')7  0.18 


Total 

■oUdB  bj 

addition 

of  oonsti- 

fcueats. 


1 .0813  1.998,6.936  4.1X1  9.137,0.801 


14  30 
18  97 

14.07 
13.11 
11.03 
12.18 
1.9.40 
11.25 
12.38 
10.93 
13.28 
11.87 
18.08 
14  18 
11.90 
12.78 
14.00 
16.46 


18.98 

13  17 
15.83 
12.84 
11.63 
12.78 
11.09 
14.76 
15.18 
12.83 
1160 
16.79 
13.11 
13.67 
15  08 
12.94 
12.58 
12.65 
12.84 
13.76 
12.77 
18.88 
12  44 
12.98 
13.83 

14  65 
13.80 
13.44 
15.16 
15.88 
18.30 
12.03 
14.81 
1.3.57 
13.04 
13.97 
18  37 
11.18 
14.88 
14  26 
12.84 
18.10 

16.79 
10.93 
13.868 


ToUl 
Bolida  di- 
reetlj  hj 
eyapora- 

tiOQ. 


14.46 
13.84 
13.96 
11.96 
11.11 
12.10 
15..3.^ 
11.40 
13.31 
10.91 
12.21 
11.40 
15.07 
14.16 
11.88 
12.78 
14.18 
16.08 
12.34 
14  06 
18.01 
12.74 
12.88 
18.02 
15.18 
13.89 
11.84 

12  90 
11.7<> 
14.69 
10.21 
13.9*) 
11.40 
16.66 
18.30 
18.63 
15.45 
12.87 
13.57 
12.02 
12.41 
18.60 
12.84 
18.17 
12.36 
13.15 

13  30 
14.08 
13.74 
18.48 
10.29 
15.89 
13.80 
1213 

14  20 
18.63 
18.13 
13.05 
15.35 
11.13 
14.28 
14.26 
12.87 
18.08 

16  66 
10.91 
18.267 


DliTer- 
enoe. 


—0.07 
-J-0.07 

iO.ll 
0.18 
-0.08 
+0.08 
-1-0  06 
—0.18 
—0.08 
+0.01 
+0  01 
-0.08 
+0.01 
+0.03 
+0  03 
000 
—0.18 
—0.00 

•  •  •  • 

•  •  e  • 


--0.08 
--0.18 
--0.04 
-  -0.18 
—0.31 
-0.17 
— O.Ol 
+0.07 
—0.08 
-0.18 
.10 
1.18 
-^09 
+0  04 
+0.18 
+0  07 
-0  04 
+0.18 
.-018 
--0.16 
-.0.18 
-.0.18 
--0.06 
—0.17 


ri 


-1-0  47 

4-0.07 

+0.08 

—0.04 

—0.09 

^0.04 

0.00 

-0.10 

-1-0.01 

—0.06 

—0.08 

-4.06 

-1-0.03 

0.00 

0.00 

0.00 

-0.03 

0.81 
000 
0.001 
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GoMPARisoir  OF  Final  Results  with  PRSvions  Analyses. 

Analytet  of  Eighty  Samplet  of  WoMan*M  ATUk, 

Beaction  uniformly  alkaline. 


Average. 

Minimum. 

Maximum. 

I.  Speciflo  gravity       •          • 

1.0313 

1.0260 

1.0353 

II.  Albuminoids 

1.M5 

0.85 

4.86 

III.  Sugar  .... 

6.936 

6.40 

7.92 

IV.  Pat      . 

4.131 

2.11 

6.89 

v.  Solids  not  fat 

9.137 

6Ji7 

12.09 

VI.  Ash      .... 

0.201 

0.13 

0.87 

VU.  Total  solids  (by  addition 

of  constituents)               • 

18.268 

10.92 

16.79 

Vni.  Total  solids  (directly  by 

evaporation)        •           • 

18.267 

10.01 

16.66 

IX.  Difference  between  VII 

and  VIII.     . 

0.001 

0.00 

0.21 

X.  Water            •         .         • 

86.732 

83.21 

89.06 

The  most  interesting  comparison  which  can  be  made  is  that  with 
the  results  given  by  Konig  (Chemie  der  Mensch,  Nahrungs  und 
OenussmUtel)  ^  which  are  deduced  from  the  analyses  of  190  samples. 
These  analyses,  it  should  be  remembered,  were  performed  accord- 
ing to  the  most  diverse  methods,  errors  in  opposite  directions 
operating  to  mutually  compensate  one  another. 

Analyses  of  samples  of  woman's  milk  (Eonig)  : — 


Albuminoids 
Sugar 
Fat     . 
Ash    . 
Water 


Average. 
.  1.94 
.  6.04 
.  8.90 
.  0.49 
•  87.09 


Maximum. 
0.57 
4.11 
1.71 
0.14 
83.69 


Minimum. 
4.25 
7.80 
7.60 
1.78  (?) 
90.90 


As  might  be  anticipated,  the  extremes  are  wider  apart  than  in 
my  own  analyses,  but  the  general  mean  of  all,  with  exception  of 
the  ash,  is  tolerably  concordant. 

Omitting  particular  reference  to  the  results  of  Vernois  and 
Becquerel  and  earlier  investigations,  I  will  quote  further  only  the 
results  of  Gerber  (mean  of  six  analyses),  Christenn  and  Marchand 
{Beihtein*8  JSdndb.  der  Organ.  Gliem.^  2081). 


Gerber. 

Christenn. 

Marchand. 

Albuminoids 

1.8 

1.9 

1.7 

Sugar 

6.4 

6.0 

7.1 

Fat 

6.3 

4.3 

8.7 

Solids  not  fiit 

7.2 

8.2 

9.0 

Asli 

0.4 

0.3 

0.2 

Total  solids  by  evaporation    . 

10.9 

12.8 

12.7 

Water 

•          .         ■         « 

89.1 

87.2 

87.3 

216  nscnoH  c. 

Biedert  (foe.  eil.)  found  the  albaminoids  to  vary,  in  the  samples 
which  he  analyzed,  between  1.5  to  2.4  per  cent. ;  fat,  between  8.8  to 
4.4  per  cent.  His  mean  for  albnminoids  is  1.95  ;  my  own  is  1 .995 ; 
Koaig's  is  1.94  per  cent. 

Two  per  cenij  therefore,  may  be  regarded,  without  sensible  error, 
as  the  average  amount  of  albuminoide  in  woman's  milk. 

The  uKNre  extended  series  of  eighty  analyses  confirm,  however, 
the  statements  made  in  my  earlier  paper  (that  on  Infant  Foods), 
the  albaminoids  being  the  most  variable  constituent  of  woman's 
milk,  the  fat  the  next  most  variable,  and  the  sugar  least.  Nor 
have  I  any  reason  to  alter  the  interpretation  therein  given  of  the 
physiological  signification  of  the  greater  and  less  variability  of 
the  individual  constituents. 


Relations  bxtwsen  the  Phtsioal  Histobt  of  ths  Milk  and  its 

Composition. 

Relations  between  the  physical  history  of  the  milk  and  its  com- 
position. 

The  only  relations  which  I  shall  attempt  to  discuss  here  are  those 
appertaining  to 

1 .  Color,  taste,  consistency,  and  specific  gravity. 

2.  Age  of  the  mother. 

3.  Period  of  lactation,  and  interval  since  nursing. 

4.  Nationality. 

5.  Physical  constitution  of  the  mother. 

1.  Color y  Tastey  etc. — Whether  bluish-white,  chalky-white,  whit- 
isah,  yi>llowiah- white,  or  yellow,  the  color  is  no  indication  of  the 
cuiiU^^^^^^^^u*  ^^^^  example,  the  milk  of  a  German  brunette,  taken 
ojio  hour  utter  previous  nursing  and  during  the  tenth  day  of  lao- 
UiluU)  VkiKu  ohutky-whlte  In  color,  whilst  it  contained  6.89  per  cent 
ol  iHi.  'VUiM  wa«  the  largest  percentage  of  fat  in  any  sample. 
i>i4  ilio  i>Ukoi  huuiit  though  many  of  the  yellow  samples  were  rich 
lii  hit,  uilioi  \olU»w  sauiptes  were  very  poor.  Thus,  No.  8  was 
\i  1U>\\  ^Uk^  uiillv  boiug  drawn  during  the  fourth  day  of  lacUtion, 
.iu  i  iiMu  4tu(  v»ui>  hnlf  hours  after  nursing)  whileit  contained  only 

/  (i  vt .  VUlu»Ui^h  X\\i>  amount  of  sugar  in  woman*s  milk  b  large^ 
i>    i>^  uv.iilN  I  |iv>4  vvut  ov  2  per  cent  more  than  in  cow*smiIk,  it 
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is  rarely  sweet  to  the  taste.  Usually,  it  has  a  more  or  less  saline, 
somewhat  disagreeable  animal  flavor. 

Consistency, — Although  the  amount  of  solids  in  woman's  milk 
is  decidedly  greater  than  in  cows'  milk,  its  consistency  is  much 
thinner  and  more  watery. 

Specific  Gravity, — The  average  is  somewhat  greater  than  in 
cows'  milk,  though  the  entire  range  of  variation  is  not  very  dif- 
ferent. Thus,  in  the  80  samples  examined,  the  average  specific 
gravity  is  1.0313,  the  minimum  1.026,  the  maximum  1.0353. 
Conrad  obtained  in  130  observations  for  the  two  last  figures  1.025 
and  1.039.  In  147  samples  of  normal  cows'  milk  L.  Janke  found 
1.0245  for  the  minimum,  1.034  for  the  maximum,  and  1.0297  for 
the  mean. 

II.  Age  of  Mother. — The  milk  of  women  under  the  age  of  20, 
is  richer  in  each  and  every  constituent  than  that  of  older  women, 
The  general  average  of  albuminoids  for  the  first  lustrum  is  2.18 
per  cent,  while  it  is  only  1.92  per  cent  for  the  second,  and  2.10 

TABLE  III. — MILE  OF  WOMEN  FROM  15  TO  20  YEARS  OF  AGE. 

(First  lustrum.) 

A  ^  No.  of  cases  above  or  below  the  general  average. 
B  ^  Averages  for  A. 

C  ^Averages  for  women  from  15  to  20  years  of  age. 
D  as  General  averages  for  all  years. 


Albuminoids. 

ro.  0 

AboTO 

Below 

•^8 

av. 

ay. 

7 

3.12 

18 

3.95 

28 

2.23 

35 

21 
51 

2.43 

2.42 

3 

1.96 

1 

1.44 

17 

1.49 

11 

1.98 

53 

1.82 

54 

1.50 

49 

2.00 

A 
B 
C 
D 


VI. 

2.70 


Hilk  sugar. 


VI. 
1.69 


2.18 
1.995 


Above 'Below 
av.    I    ay. 


•  •  •  •  •  • 

7.92 

7.39 

7.34 

••«  .*• 

6.95 

7.31 

7.20 

7.37 

6.99 


7.34 
6.95 


Fat. 


Ab. 
av. 


6.47 


6.83 


X.    !    IL 
7.27    6.65 
7.17 
6.936 


5.49 
4.37 


5.60 
4.62 
5.58 
5.02 


Bel. 
ay. 


2.95 
3.13 
... ... 


4.28 
4.*  64 


*.. ... 

3.06 
... ... 

3.10 


VIII  IV. 

4.95  3.06 
4.32 
4.131 


Solids  not  fat. 

Above 

Below 

av. 

av. 

9.91 

12.09 

9.83 

9.98 

9.56 

9.45 

8.81 

#99  e • ■ 

9.03 

9.17 

9.02 

8.92 

9.16 

VIII. 

IV. 

9.89 

8.94 

Ash. 


Aboye  Below 
ay.        av. 

0.32 
0.22 
0.21 
0.21 


... ... 


0.37 
6!2i' 


9.58 
9.137 


VI. 
0.26 


•  • • •  •  • 

0.19 
0.18 
0.17 
0.17 
0.20 


0.18 


VI. 

0.18 


0.22 
0.201 


Total  solids. 


Aboye 
av. 


15.35 
16.55 


•  *  •   •••   999 

15.25 
13.96 
14.46 
14.18 


13.30 
13."74 


VIII. 
14.60 


Below 
ay. 


12.95 
13.20 
13.01 


12.21 
12.12 


V. 

12.29 


13.87 
13.267 
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for  the  third.  The  difference  is  still  more  striking  in  regard  to 
sugar.  In  the  first  lustrum  the  sugar  is  7.17  per  cent,  falling  to 
6.9 1  in  the  second  lustrum,  and  in  the  third  only  6.77  per  cent. 
This  falling  off  is  notable,  not  only  in  the  percentages,  but  in  the 
number  of  samples  which  exceed  the  average.  Thus,  in  the  first 
lustrum,  83  per  cent,  of  the  whole  number  of  samples  exceed  the 
general  average  in  sugar,  while  in  the  second  lustrum  only  60  per 
cent  exceed.  A  similar  diminution  is  observable  in  the  fat  and 
total  solids. 

TABLB  IV. — MILK  OF  WOMEN  FROM  20  TO  25  YEASS  OF  AGE. 

(Second  lustrum.) 

A  ^  No.  of  oases  above  or  below  the  general  average. 

B  =s  Averages  for  A. 

C  =  Averages  for  women  from  20  to  25  years  of  age. 


^a   9 


38 
15 
16 
29 
30 
40 
64 
45 
43 
34 
33 
4 
39 
48 
31 
68 
5 
2 
12 
25 
42 
33 
46 
50 
26 
19 

A 
B 
C 


Albnminoida. 


Milk-mgar. 


Above 

Below 

ET. 

av. 

1.82 

2.18 

0.85 

1.81 

2.11 

1.75 

2.00 
2.33 

2.24 


2.33 

2.27 

2.17 


2.16 
£24' 

2!06* 

2.08 


XIII. 
2.18 


1.50 

... ... 

1.73 

•  •  •  •  •« 

1.93 


1.49 
1.68 
1.76 

i!97 

1.35 


.*• ... 


XII. 
1.64 


1.92 


Above 

ftT. 


6.96 


••• ••• 


7.41 


•  •  •  •  •  ■ 

7.48 
7.32 
7.46 
... ... 

7.25 

6.95 

•«• ... 

7.44 

7.23 

7.53 

6.97 

7.00 

7.38 

7.24 

•••  ..• 


XIV. 

7.26 


Below 
ay. 


6.75 
5.60 
6.88 

6.94 
6.69 


Fat. 


Solida  not  fat. 


Ab. 
av. 


6.10 


Bel. 

av. 


3.97 

2.84 

•  ••  •  •• 

2.80 


6.25 
5!78 
6.75 


6.89 


4.21 
5.59 
5.96 
4.36 


6.25 
6!39 


• *• •• • 


5.84 
4.16 


3.68 
3.96 
2.47 
3.77 


2.76 
2.95 


2.12 
3.55 
2.44 


4.75 


... ... 


X. 

6.41 


6.91 


X. 


2.76 
4.09 

••• •■• 

3.28 


XV. 


5.40  3.16 
4.05 


Above 
aT. 


Below 
av. 


9.72 


9.97 

9790 

9!l9' 
...... 

... ... 

9.17 
9.90 


9.42 

•  •    ••« 

9.38 
9.60 


.a* ... 


IX. 

9.58 


8.97 
9.06 
6.57 
8.89 

•  •  •  •  •  • 

8.97 
9.01 

•• • ••• 

9.00 
8!*84' 

• • • ••• 

8.32 
9.06 

•  • •  ••  • 


Ash. 


Total  BolidB. 


8.90 
8.'93 


8.84 
8.89 
8.67 


Above 
av. 


0.22 


0.28 
0.32 


Below 
av. 


0.19 
0.13 


0.20 
0.20 


0.25 
0.36 

... ..< 
0.21 


••• •« • 

0.29 
()!2i* 


0.22 
0.25 
0.35 
0.30 
0.22 

•  •  •  e  •  • 


XV. 

8.80 


9.09 


XIII. 
0.27 


0.16 
0.18 


0.18 


0.18 
0.15 


0.18 


0.20 


0.15 


XII. 
0.17 


0.22 


Above 
av. 


14.69 


13.05 


16.66 


14.58 
15.21 
14.26 


15.18 
13.60 


13.48 


IX. 
14.52 


Below 
av. 


12.87 
11.88 
12.73 
11.70 

12.52 

12.36 
12.64 

11.45 
11.96 
12.57 


11.11 
12.84 
11.40 


11.45 
13.15 


12.34 


XVI. 

12.18 


13.02 
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TABLE  V. — MILE  OF  WOMEN  FROM  26  TO  80  TEARS  OF  AQE. 

(Third  lustrum.) 


A 

B 

c 


No.  of  cases  above  or  below  the  general  average. 
Averages  for  A. 

:  Averages  for  women  from  25  to  30  years  of  age. 
General  averages  for  all  ages. 


%-  e* 

Albnminoids. 

Mllk-engar. 

Fat. 

SolidK  not  fat. 

Aeh. 

Total  lolidi. 

■ 

Above  Below 
AT.        av. 

Above 

AT. 

7.'28' 

7.45* 

7.08 
7.07 

7!l9' 
7.00 

7!32 
7.31 

Below 
av. 

Ab. 
av. 

6.01 
4.95 

4.' 74 
5.62 

Bel. 
av. 

3.36 
2.31 

3.' 61 
3.00 
2.73 
4.02 
2.11 
2.44 

3. '77 

IX. 
3.04 

31 

Above 
av. 

Below 
av 

9.07 

8;94 
7.21 

8.40 
8.91 
8.81 

9.07 

9.06* 
9.01 

Above 
av. 

Below 
av. 

Above 
av. 

Below 
av. 

13 
14 

47 

g 

2.4<) 
2.52 
4.86 
2.15 

2!o5' 

•  ••    •  • 

2.10 

1.'98' 

2.15 

2.43 

1.96 
1.53 
1.94 

i.ii 

1.45 

l!50 
1.49 

6.45 
6.44 
5.40 
6.51 

5.*84' 

9!23* 
9.46 

9!54 

9.'56 
9.26 

9!i'9' 
9.27 

0.22 
0.27 

6!"28 
0.30 

6!22 

0.21 
6.'27 
6.21' 

.^ ... 
0.20 

15.07 
14.16 
13.35 

11.40 

67 
82 

6!i4 

0.16 
0.13 

14.28 

12.99 

24 

13.02 

9 

12.31 

66 

11.13 

23 

6.61 

0.20 
0.19 

12.88 

10 

10.91 

27 

11.84 

52 
55 
43 

6.76 
6.57 

6.78 
4.94 

0.16 

oil's 

15.89 
14.20 

12.64 

44 

... ... 

4.34 

VII. 

5.34 
4.C 
4.1 

13.17 

A 
B 
C 
D 

VIII. 
2.58 

2. 

1.! 

VIII. 
1.62 
10 

995 

VIII. 

7.21 
6.' 
6.1 

VIII. 
6.32 
77 
936 

Vll. 
9.36 
9.( 

9.] 

IX. 

8.71 
H) 
L37 

VIII. 

0.25 
0.5 
O.S 

VIII. 
0.17 
21 
JOl 

VI. 
14.49 
13.( 
13.: 

X. 

12.23 
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This  research  affords  no  adequate  data  as  to  the  rate  of  decrease 
beyond  the  age  of  80  years.  The  only  complete  analysis  bearing 
upon  this  point  is  that  of  the  milk  of  a  dark-haired,  black-eyed 
swarthy  Pole,  of  gi*oss  habit  and  enormous  breast  development, 
who,  at  the  age  of  33  years,  had  been  the  mother  of  nine  children. 
Two  ounces  were  drawn  from  the  right  breast  only,  five  hours  after 
previous  nursing.  It  was  low  iu  specific  gravity,  and  yellow  in 
color.    It  contained: — 

Per  cent. 

Albuminoids       ........  2.24 

Sngar        .........  6.23 

Fat 2.76 

Solids  not  fat 8.84 

Asb 0.35 

Total  solids 11.45 
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Ash. — Ignite  the  residue  first  over  a  small  flame,  and  finally 
at  a  dull-red  heat.  Cover  the  dish,  cool  in  the  desiccator,  and 
weigh. 

Albuminoids. — Dissolve  63.5  grms.  pare  sulphate  of  copper  in 
a  liter  of  water.  Prepare  also  a  potash  solution  containing  50 
grms.  caustic  potash  in  1  liter. 

Weigh  out  10  grms.  of  milk  in  a  covered  beaker  glass,  and 
dilute  with  100  c.c.  water.  Add  2.5  to  3  c.c.  of  the  copper  solution. 
Then  run  in  sufficient  potash  to  exactly  neutralize  the  excess  of 
sulphate,  which  will  require  about  1.25  to  1.5  c.c  of  the  potash. 
The  coagulated  albuminoids  settle  immediately,  leaving  the  liquid 
clear.  In  testing  the  reaction,  the  stirring-rod  which  has  been 
washed  and  withdrawn  from  the  solution  as  soon  as  the  potash  has 
been  stirred  in,  is  dipped  into  the  clear  supernatant  liquid.  A 
drop  of  this  liquid  should  turn  neutral  test-paper  neither  blue  nor 
red.  Care  should  be  exercised  not  to  allow  the  stirring-rod  to 
bring  up  particles  of  the  coagulum,  since  these  interfere  with  the 
reaction.  The  clear  liquid  is  then  decanted  through  a  filter-paper, 
previously  dried  at  110°,  and  weighed  in  a  weighing-flask.  The 
precipitate  is  then  stirred  up  with  100  c.c.  water,  allowed  to  settle, 
the  supernatant  liquid  again  decanted  through  the  filter,  and, 
finally,  the  precipitate  is  washed  upon  it.  The  beaker  is  thoroughly 
cleansed  with  a  rubber  washer,  and  all  these  filtrates,  amounting 
to  about  240  cc,  are  finally  made  up  to  exactly  250  c.c.  for  the 
determination  of  milk-sugar. 

The  filter  paper  containing  the  precipitate  is  then  opened  out 
upon  a  large  watch-glass,  and,  after  drying  to  a  certain  point,  is 
divided  up  into  small  particles  by  a  platinum  spatula,  and  this 
comminution  is  repeated  from  time  to  time  until  finally  the  whole 
mass  becomes  a  fine  powder. 

Fat. — The  filter  paper  containing  the  precipitate  is  gathered  up 
and  placed  loosely  in  a  proper  funnel.  The  beaker-glass  used  for 
the  precipitation  is  washed  out  with  ether  to  dissolve  any  traces 
of  fat  adhering  to  it,  and  these  ethereal  washings  are  poured 
through  the  funnel  and  allowed  to  run  into  a  small  weighed  flask, 
with  which  the  funnel  is  connected  by  a  ground-glass  joint.  The 
funnel  is  then  connected  with  a  return  cooler,  the  flask  carefully 
heated  by  a  water-bath,  and  the  filter  paper  is  made  to  swim  in 
the  ether  condensed  in  the  fbnnel  for  about  an  hour,  when  the  ex- 
traction of  fat  will  be  complete.    The  ether  is  distilled  off,  the 


CHEMISTRT.  211 

flask  dried  at  a  temperature  of  105^,  cooled  in  a  desiccator,  and 
weighed.     Its  increment  in  weight  gives  the  amount  of  fat. 

Albuminoids. — The  residue  in  the  filter  is  dried  at  110°,  and 
weighed  in  the  weighing  flasic  until  constant  weight  is  attained. 
It  is  then  ignited  in  a  platinum  crucible,  and  the  weight  of  ash 
deducted.     The  loss  of  weight  is  the  amount  of  albuminoids. 

Milk  Sugar. — This  is  determined  in  the  filtrate  by  Fehling's 
solution.  The  figures  thus  obtained  are  identical  with  those  found 
by  evaporation  of  the  filtrate  to  dryness,  igniting,  and  subtracting 
ash. 

In  case  the  above  method  is  carefully  followed,  the  sum  of  the 
several  constituents  as  separately  determined  will  not  differ  by  an 
appreciable  quantity  from  the  amount  of  solid  matter  as  deter- 
mined directly  by  evaporation.  Thus,  it  will  be  seen  from  the  ac- 
companying table,  giving  the  results  of  62  separate  analyses  of 
human  milk  (excluding  Laboratory  No.  1063  as  being  manifestly 
affected  by  some  accidental  error),  the  maximum  difference  is 
0.21  per  cent. 

The  average  error,  as  determined  by  ordinary  arithmetical 
methods,  is  0.001  per  cent.  The  probable  error  of  any  individual 
analysis,  as  determined  by  the  method  of  least  squares,  is  a  differ- 
ence of  0.0098  per  cent,  in  the  sum  of  the  several  constituents  as 
found  by  addition,  and  the  sum  as  determined  by  direct  evap* 
oration. 

This  close  agreement  does  not  itself  prove  the  accuracy  of  the 
methods  employed,  but,  in  connection  with  the  fact  that  an  an- 
alysis of  the  fat  showed  no  trace  of  albuminoids  or  sugar,  that  an 
analysis  of  the  albuminoids  revealed  do  sugar  or  fat,  and  that  an 
analysis  of  the  sugar  showed  no  albuminoids  or  fat^  \\  does  afford 
such  proof. 

The  only  serious  objection  to  the  method  is  that,  in  the  precipi- 
tation of  the  albuminoids  by  Ritthauscn's  solution,  hydrated  basic 
sulphate  of  copper  is  precipitated  at  the  same  time,  and  that  this 
hydrate  does  not  lose  its  water  at  the  temperature  at  which  drying 
of  the  albuminates  is  effected.  Hence,  the  weight  obtained  would 
be  in  excess  of  the  true  amount.  This  objection  is-  not  borne  out 
by  the  results  of  analyses  of  the  precipitated  cupric  albuminate, 
since  I  have  failed  to  detect  in  it  the  presence  of  more  than  traces 
of  hydrated  basic  sulphate. 
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III.  Period  of  Lactation^  etc. — If  we  divide  this  period  into  four 
intervals,  the  first  extending  from  the  beginning  of  lactation  to 
the  eleventh  day  after ;  the  second  from  the  eleventh  to  the  thirty- 
first  day ;  the  third  from  the  thirty-first  to  the  ninety-first  day ; 
the  fourth  from  the  ninety-first  day  to  the  tenth  month  of  lactation, 
we  shall  note  the  following  changes : — 

Albuminoids  are  greatest  in  the  first  interval,  being  2.32  per  cent. 
In  the  second,  they  exceed  the  general  average,  being  2.09  per 
cent.  In  the  third  interval  they  fall  as  much  below  the  average 
as  in  the  first  they  exceeded  it,  remaining  at  a  low  figure  during 
the  rest  of  lactation. 

Sugar  is  least  immediately  after  parturition  and  much  below 
the  average,  whilst  it  is  above  and  nearly  constant  during  the  three 
remaining  periods. 

TABLE  yi. — MILE  OF  WOMEN  FROM  FIRST  TO  ELEVENTH  DAT  OF 

LACTATION. 

A  »  No.  of  cases  above  or  below  the  general  average. 
B  =  Averages  for  A. 

C  =■  Averages  from  the  first  to  eleventh  day  of  lactation. 
D  =s  General  averages  from  the  Ist  to  270th  day  of  lactation. 
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Fat,  like  the  albuminoids,  is  much  in  excess  of  the  general 
average  immediately  after  parturition,  being  4.93  per  cent.  After 
the  eleventh  day  it  falls,  being  only  8.97  percent. 

The  saline  constituents  are  nearly  constant  during  all  stages  of 
lactation,  although  slightly  in  excess  during  the  first  ten  days. 

The  sum  of  solids  not  including  fat  does  not  vary  greatly.  Its 
amount  in  the  first  interval  is  9.15  per  cent,  the  general  average 
being  9.14. 

Interval  since  Nursing. — Nearly  all  the  samples  were  drawn 
two  hours  after  nursing,  but  certain  ones,  more  especially  Nos.  18, 
82,  83,  39,  were  drawn  immediately.  In  fat,  albuminoids,  salts, 
and  total  solids,  they  were  in  excess  of  the  general  average. 


TABLE  VII. — ^MILK  OF  WOMEN  FROM  THE  IItH  TO  31ST  DAY  OF 

LACTATION. 
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TABLE  VIII. — MILK  OP  WOMEN  FROM  THE  81ST  TO  9lST  DAT  OP 

LACTATION. 
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TABLE  IX. — MILE  OP  WOMEN  FROM  THE  91ST  DAT  TO  THE  IOtH 

MONTU  OF  LACTATION. 
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IV.  Nationality, — The  statistics  are  entirely  too  meagre  to  de- 
termine the  influence  of  nationality.  It  would  be  necessary  to 
obtain  for  each  race  a  large  collection  of  results,  in  which  the  other 
causes  of  variation,  like  age,  period  of  lactation,  etc.,  were  allowed 
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for  or  eliminated.    This  has  never  been  done,  and  would  require, 
not  eighty,  but  many  hundred,  analyses. 

The  difficulty  of  generalization  upon  these  points  can  be  most 
forcibly  illustrated  by  comparing  the  analysis  of  sample  No.  40, 
which  was  obtained  from  a  negress,  with  the  other  samples,  and 
with  the  general  average.  Neither  in  color,  smell,  nor  other  physical 
characteristics,  nor  in  chemical  constitution,  was  this  one  sample 
so  markedly  different  from  the  others  as  to  be  put,  as  some  have 
proposed  to  do  with  the  milk  of  negro  women,  in  a  class  by  itself. 

V.  Physical  Constitution  of  the  Mother. — A  comparison  of  the 
physical  characteristics  of  the  mother,  whether  blonde  or  brunette, 
or  more  minutely,  as  to  color  of  eyes,  hair,  complexion,  etc.,  has 
not  shown  that  these  differences  are  necessarily  related  to  corres- 
ponding differences  in  the  composition  of  the  milk.  But  actual 
differences  in  the  physical  condition  of  the  mother  are  intimately 
related.  The  samples  obtained  from  women  of  over-robust  habit 
were  not  so  rich  in  albuminoids  as  those  from  pronouncedly  anaemic 
women ;  and,  generally  speaking,  the  best  milk  was  obtained  from 
lean  women  in  good  physical  condition. 

Graphic  Cfiart. — A  great  deal  of  labor  was  devoted  to  the  pre- 
paration of  a  graphic  chart  of  the  results  of  the  analyses  performed 
during  the  course  of  the  present  investigation.  It  was  thought 
that  the  study  of  such  a  chart  might  reveal  some  law  governing 
the  relative  amounts  of  the  various  constituents,  which  law  might 
escape  notice  in  comparing  merely  tabulated  figures.  The  chart 
represents  the  results  grouped  according  to  the  period  of  lactation, 
and  follows  the  same  order  as  that  of  Table  I.  In  case,  however, 
a  number  of  samples  were  obtained  from  the  same  mother  on  dif- 
ferent dates,  these  analyses  are  represented  consecutively.  These 
exceptions  to  the  general  order  of  arrangements  are  to  be  noted 
in  samples  7,  18,  2d,  and  35,  in  samples  15,  16,  26,  29,  and  30, 
and  in  samples  1  and  1 7.  The  horizontal  lines  in  the  chart  repre- 
sent differences  of  one-lifth  of  one  per  cent ;  the  vertical  columns 
represent  the  sample  analyzed. 

One  feature  the  chart  exhibits  in  the  most  striking  manner,  and 
that  is  the  great  variability  in  the  constitution  of  women's  milk. 
The  proportion  of  fat  more  especially  varies  in  an  exceedingly 
arbitrary  manner.  But  as  to  any  fixed  and  definite  relation  gov- 
erning the  proportion  of  the  constituents  to  each  other,  or  to  the 
sum  total  of  the  solid  constituents,  the  graphic  chart  thus  far  has 
failed  to  afford  a  satisfactoiy  indication. 
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THE  MISSION  OF  SCIENCE. 


Before  taking  up  the  subject  which  I  have  selected  as  a  proper 
one  for  discussion  in  a  vice-president's  address,  on  this  occasion, 
I  desire  to  give  expression  to  my  sense  of  the  great  honor  which 
has  been  conferred  upon  me  in  calling  me,  for  a  third  time,  to  the 
chair  of  vice-president  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  to  preside  at  the  sessions  of  the  section. 
In  taking  the  position  to  which  your  too  favorable  judgment  has 
called  me,  it  is  my  first  and  most  pleasant  duty  to  thank  you  for 
this  most  unequivocal  testimony  of  the  confidence  which  you  re- 
pose in  me,  and  to  assure  you  of  my  earnest  desire  to  do  what  lit- 
tle my  opportunities  and  my  powers  may  permit  toward  making 
your  sessions  both  pleasant  and  profitable,  and  toward  promoting 
the  prosperity  of  the  great  association  to  which  we  are  proud  to 
belong. 

We  are  especially  favored,  the  present  year,  in  having  with  us 
members  of  our  great  sister  society,  the  British  Association  for 
the  Advancement  of  Science,  who  have  come  to  join  us  ft'om  Mon- 
treal, where  the  meeting  of  that  society  has  just  been  held,  and 
where  they  have  taken  part  in  proceedings  of  no  less  importance 
than  interest.  It  is  our  pleasant  duty  to  tender  to  these  gentle- 
men a  hearty  welcome,  and  to  endeavor  to  make  their  visit  to  the 
*^  City  of  Brotherly  Love  "  one  that  shall  leave  in  their  memories 
so  many  reminiscences  of  agreeable  acquaintances  made,  of  strong 
fnendships  begun,  of  open-handed  and  open-hearted  hospitalities, 
and  of  profitable  and  interesting  discussions,  that  they  may  never 
forget  the  cognomen  of  this  noble  city.    If  we  shall  be  able  to  give 

(227) 


•y. 


^nar '▼*'•.*   n^   \ni'cfu*     'Tr-    aii   vL   ^'a:ift    .o    »ur    ««?«    o    onvrace 
:i\»    *»•  v*i    ^aL'C?s   5  u    >»«»*  \a  ▼^•t.    pj*     'i    o    oe   rTtftfifcai   "^- 


Th         _>.  -^k  "    - 


&       ^ 


•^>.      *.  • 


'.  ■  -    "     '^ 


_*    1^  ^. 


•  .  ■* 


-r. 

•X. 


O?- 


j» 


ADDRESS  BT  ROBERT  H.  THURSTON.  229 

deference  to  the  enlightened  views  of  Sir  John  Cutler,  the  Chair 
of  Mechanics  was  founded  in  the  Royal  Society  of  Great  Britain. 
May  we  not  hope  that  this  Section  of  Mechanics  of  the  American 
Association  for  the  Advancement  of  Science  may  prove  to  be 
worthy,  in  its  interest,  its  fruitfulness,  and  its  stimulation  of  other 
and  greater  work,  of  so  grand  an  anniversary  ? 

I  have  selected  the  subject  of  my  address  on  this  occasion,  "The 
Mission  of  Science,"  as  one  peculiarly  appropriate  to  the  time 
and  the  occasion. 

Seven  years  ago,  at  the  Nashville  meeting,  I  was  called,  by  the 
members  of  what  was  then  Section  A  of  this  association,  to  take 
the  chair,  in  the  absence  of  the  regularly  elected  vice-president  for 
that  meeting,  and  performed  the  pleasant  task  of  reading  an  ad- 
dress, prepared  by  him,  on  the  "  Endowment  of  Science."  Before 
the  meeting  of  1878,  at  St.  Louis,  in  the  regular  course  of  my  du- 
ties as  vice-president,  and  as  chairman  of  the  same  section,  it  be- 
came necessary  to  prepare  an  address  to  be  delivered  before  the 
association,  and  the  subject  then  chosen  was  "  The  Philosophic 
method  of  Advancement  of  Science,"  or,  perhaps  more  explicitly, 
The  Science  of  the  Advancement  of  Science.  In  the  first  of  these 
addresses,  the  attention  of  the  association  was  earnestly  called  to 
the  necessity  of  increasing  the  efficiency  of  scientific  work,  and  of 
making  most  fruitful  the  labor  of  the  comparatively  few  workers 
in  this  field,  in  the  United  States,  by  securing  such  an  endowment 
of  research  as  is  now,  fortunately  for  our  nation,  becoming  usual 
in  the  departments  of  higher  education.  In  the  second  of  these 
discourses,  I  endeavored  to  point  out  what,  in  my  opinion,  is  the 
truly  scientific  method  of  securing  the  greatest  possible  results 
with  minimum  expenditure  of  life,  strength,  mind  and  matter,  and 
at  least  cost  to  the  world. 

I  defined  science,  substantially,  as  knowledge  systematically  or- 
ganized. I  then  called  attention  to  the  facts  that  it  consists  of 
two  divisions :  knowledge  of  phenomena  gathered  by  observation 
and  experiment,  and  knowledge  of  laws  controlling  and  correlat- 
ing these  phenomena.  As  then  stated,  '*  all  science  is  thus  made 
up  from  the  infinite  number  of  facts  which  are  comprehended  in 
the  universe  of  the  known  and  the  to  be  known.  Its  existence  is 
assured  by  the  stability  of  all  those  principles  of  philosophy  which 
are  woven  into  the  connecting  chain."  "  The  man  of  science,  the 
philosopher  whose  task  it  is  to  create  and  to  advance  all  human 
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knowledge  of  the  great  kingdom  of  nature,  is,  therefore,  a  discov- 
erer of  facts,  an  observer  of  phenomena,  a  student  of  Nature's 
laws.  He  is  a  systematic  recorder  of  facts,  and  a  codifier  of  laws." 
It  was  shown  that  all  science  has  for  its  foundation  the  great,  the 
fundamental  principle  of  the.indestructibility  of  '^  the  two  products 
of  creation,  matter  and  force,  and  the  fruit  of  their  union,  energy." 
The  next  step  in  the  argument  led  to  the  classification  of  the  forces 
of  nature  into  physical — including  chemical  —  vital,  mental,  and 
^'  the  master  power.  Omnipotence,  which  is  the  source  and  the 
sustainer  of  all  existences,"  and  this  division  leads  naturally  to  a 
similar  division  of  science  into  physical,  biological  and  mental 
sciences.  It  is  with  the  first  of  these  grand  divisions  of  science, 
only,  that  we  are  concerned. 

The  scientific  method  of  advancing  science  was  shown  to  com- 
prehend a  systematic  collection  of  all  facts  and  phenomena,  as  ex- 
hibited to  the  senses  in  the  course  of  our  experience,  either  by 
simple  observation  or  by  carefully  conducted  experiment;  the 
systematic  arrangement  of  the  knowledge  so  obtained,  and  the 
registration  of  this  knowledge  in  natural  order  and  relations; 
the  study  of  such  recorded  facts  of  science  with  the  purpose  of 
ascertaining  the  laws  that  define  their  relations ;  the  similar  co- 
ordination of  separate  collections  of  such  related  facts  and  laws, 
for  the  purpose  of  detecting  the  character  and  the  mathematical 
form  of  the  more  general  laws  that  may  determine  the  relations  of 
group  to  group  and  of  science  to  science ;  and  finally,  the  aggrega- 
tion, if  it  prove  to  be  possible,  of  all  science  into  one  universal 
system  comprehending  all  the  phenomena  of  nature. 

To  accomplish  this  great  work  there  are  needed  several  classes 
of  workers,  each  of  whom,  to  secure  maximum  efiSciency,  must  be 
a  specialist,  and  must  give  his  time  and  his  thought  and  his  strength 
mainly  to  a  single  line  of  work.  We  must  have  observers,  each  of 
whom  should  be  fitted  by  every  natural  endowment  for  the  study 
of  nature,  and  for  the  investigation,  by  direct  experiments  intelli- 
gently planned  and  skilfully  conducted,  of  the  natural  phenomena 
which  are  characteristic  of,  and,  perhaps,  peculiar  to,  his  branch. 
We  must  have  philosophers  capable  of  perceiving  and  expressing 
the  relations  of  the  phenomena  so  collected,  and  of  thus  revealing 
to  us  the  laws  of  each  of  the  sciences.  We  need  men  who  can  per- 
ceive and  exhibit  the  relations  of  the  several  sciences  to  each  other, 
and  their  positions  in  the  scheme  of  universal  science.    Finally, 
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we  require  a  still  larger  and  more  directly  useful  class,  the  teachers 
of  scieuce  and  the  no  less  important  body  of  laborers  who  make 
application  of  science  in  all  the  arts  of  daily  life  and  work. 

But  all  of  these  classes  being  organized,  and  all  the  fields  of 
work  open  to  man  being  assigned  to  them,  each  taking  his  proper 
division  of  the  great  task,  progress  would  be  but  slow,  and,  in 
these  days  almost  at  a  standstill,  but  for  the  aid  of  still  another 
body  of  co-laborers,  who,  without  pretending  to  deep  knowledge 
in  any  division  of  science,  without  possessing  talent  for  research, 
either  in  the  laboratory  or  in  the  study,  and  unable  often  to  real- 
ize all  the  beauty  and  all  the  importance  of  the  mighty  work  that 
they  are  helping  on,  nevertheless  generously  devote  the  fruit  of 
years  of  toil  and  the  product  of  enormous  activities  and  energy  to 
the  cause.  These  are  those  who  have  given,  and  who  are  still 
generously  and  liberally  giving,  material  assistance  by  their  splen- 
did contributions  to  the  scientific  departments  in  our  colleges  and 
of  our  technical  schools.  The  endowment  of  research,  which  will 
certainly  ere  long  become  an  acknowledged  and  legitimate  division 
of  this  work,  is,  after  all,  as  essential  an  element  of  the  scientific 
method  of  advancing  science  as  either  of  the  others.  Those  who 
give  of  their  substance  to  aid  in  the  promotion  of  science  are  enti- 
tled to  hardly  less  honor  than  those  who  devote  life  and  health  and 
strength  to  the  good  work.  Those  who  take  part  in  the  endowment 
of  research  are  the  truest  and  greatest  of  modern  philanthropists. 

When  we  have  thus  ascertained  what  is  the  philosophic  method 
of  the  advancement  of  science,  and  have  determined  how  we  may 
most  efficiently  carry  on  the  work  in  the  true  spirit  of  the  ^'  science 
of  science-advancement,"  we  may  find  it  to  our  advantage  to 
pause,  and  to  ask  to  what  end  is  all  this  labor  to  be  applied.  What 
is  the  object  of  directing  this  enormous  array  of  intellectual  power 
into  the  field  of  scientific  inquiry  ?  Having  settled  upon  the  form 
of  the  system,  and  the  details  of  the  mechanism  by  which  this  de- 
velopment of  science  is  to  be  secured  with  greatest  ease,  accuracy 
and  rapidity,  to  what  purpose  is  this  great  scheme  to  be  applied  ? 
What  is  the  use,  and  what  is  the  object,  of  systematically  gather- 
ing knowledge  and  of  constructing  a  great,  an  elaborate,  system 
having  the  promotion  of  science  as  its  sole  end  and  aim?  What 
is  "  The  Mission  of  Science?  " 

The  mission  of  science  is  the  promotion  of  the  welfare,  material, 
and  spiritual,  physical  and  intellectual,  of  the  human  race.    It  has 
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for  its  purpose  and  its  object  the  improvement,  in  every  imaginable 
way,  directly  and  indirectly,  of  the  mind  and  the  body,  the  heart 
and  the  soul,  of  every  human  being.  It  is  charged  with  the  duty 
of  seeking  the  cause  of  every  ill  to  which  mankind  is  subject ;  of 
finding  a  remedy  for  every  misfortune  to  which  the  race  is  now  li- 
able ;  of  ameliorating  every  misery  known  to  sage  or  savage ;  of 
seeking  ways  of  giving  to  all  every  comfort  and  all  healthful  luxu- 
ries ;  of  reducing  the  hours  of  toil,  and  offering  to  the  relieved  la- 
borer intellectual  occupations  that  shall  at  once  take  from  him  all 
temptation  to  waste  his  life  in  indolence  and  dissipation  and  give 
him  aid  in  his  feeble  efforts  to  climb  upward  into  a  higher  life ;  of 
enlightening  the  world  intellectually ;  of  giving  it  leisure  to  per- 
fect itself  ethically,  and  to  gain  those  elements  of  character  that 
are  so  sadly  crushed  out  by  the  terrible  pressure  of  our  incomplete 
civilization,  sentiments  of  honor  and  justice,  feelings  of  love  and 
sympathy,  and  a  spirit  of  devotion  that  can  only  be  found  highly 
developed  in  either  the  simple  child  of  nature,  or  in  the  soul  that 
has  time,  in  the  midst  of  a  driving  world,  to  reflect,  to  aspire  and 
to  grow.  The  true  mission  of  science  is  one  that  extends  far  be- 
yond the  workshop  of  its  servants ;  it  extends  far  beyond  our  ken, 
and  beyond  the  range  of  our  mental  grasp  and  farthest  view.  The 
great  fact  that  material  prosperity  is  the  fruit  of  science,  and  that 
other  great  truth,  that  as  mankind  is  given  opportunity  for  medi- 
tation and  for  culture,  the  higher  attributes  of  human  character 
are  given  development,  are  the  best  indications  of  the  nature  of 
the  real  mission  of  science,  and  of  the  correctness  of  the  conclusion 
that  the  use  and  the  aim  of  scientific  inquiry  are  to  be  sought  in 
the  region  beyond  and  above  the  material  world  to  which  those 
studies  are  confined. 

The  Mission  of  Science  will  be  fulfilled  in  precisely  the  degree 
to  which  it  assists  us  in  the  protection  and  preservation  of  the  in- 
dividual, of  the  family  and  of  the  nation  ;  just  so  far  as  it  aids  each 
member  of  the  race  to  attain  the  allotted  term  of  life,  continuous 
health,  and  a  maximum  of  happiness,  while,  at  the  same  time,  giv- 
ing him  the  opportunity  to  assist  his  neighbor  most  effectively  in 
the  endeavor  to  reach  the  same  ends,  and  so  far  as  it  stimulates 
him  to  do  well  every  duty  that  comes  to  him  whether  in  his  pri- 
vate or  his  public  relations.  It  will  aid  every  citizen  in  his  efforts 
to  gain  the  most  that  can  be  secured  by  the  practice  of  industry, 
skill,  intelligence  and  frugality,  to  obtain  the  comfortable  inde- 
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pendence  that  every  man  hopes  to  enjoy  in  his  old  age,  and  the 
means  of  carrying  his  children  on  to  a  higher  plane  than  that  upon 
which  he  himself  entered  when  taking  up  his  life's  work. 

The  methods  properly  adopted  in  the  endeavor  to  prosecute  this 
mission,  so  far  as  they  relate  to  the  development  of  the  sciences, 
have  been  already  summarized.  It  has  been  seen  that  the  method 
is  in  itself  scientific.  Science  first  observes,  then  experiments  with 
a  view  to  the  revelation  of  new  facts  and  unknown  laws  by  sys- 
tematic research,  then  applies  the  power  of  logic  to  the  construc- 
tion of  an  organized,  complete  and  exact  system  of  definite 
knowledge.  First  she  collects  facts  and  records  phenomena,  then 
she  seeks  to  discover  and  exactly  to  enunciate  the  laws  control- 
ling them,  and  finally  produces,  by  the  intelligent  use  both  of  in- 
duction and  deduction,  a  symmetrical  and  perfect  whole.  Thus 
she  creates  systems  of  knowledge,  and  thus  she  will  sometime,  we 
may  hope,  knit  these  several  systems  into  one  great  all-embracing 
system  of  the  universe. 

But,  while  this  scientific  method  of  advancement  of  science  is 
evidently  that  which  will  yield  the  greatest  returns,  it  is  not  the 
fact  that  we  are  indebted  to  such  philosophic  methods  for  the 
production  of  the  modern  sciences.  It  is  a  fact  which  is  more 
significant  than  surprising  that,  as  Whewell  remarks,  '^art  has 
always  gone  in  advance  and  science  has  followed  to  give  the  rea- 
sons for  the  phenomena  discovered  and  the  methods  found  best  in 
art."  *'Art  is  the  parent,  not  the  progeny,  of  science,"  and,  while 
it  is  true  that  progress  is  always  most  rapid  and  most  satisfactory 
when  art  and  science  go  hand  in  hand,  it  has  been  almost  invariably 
the  case  that  art  has  struggled  painfully  and  haltingly  and  doubt* 
fully  onward,  in  every  department,  slowly  and  unsteadily  advancing, 
yet  almost  always  going  before  science,  who  should  have  been  her 
leader,  her  teacher,  and  her  most  powerful  supporter.  This  fact  is 
not  to  be  considered  as  representing  a  natural  state  of  things  nor 
as  in  the  slightest  degree  discouraging.  Like  every  art,  science, 
in  each  of  its  departments,  has  been  passing  through  a  period  of 
infancy,  during  which  it  knew  neither  its  powers,  its  object  or 
mission,  nor  its  proper  methods  of  work.  It  required  protection 
and  the  aid  of  art  until  it  should  be  fully  formed  and  competent  to 
take  up  its  labors  and  to  requite  the  assistance  which  had  been 
given  it.  In  the  past  the  arts  have  led ;  in  the  future  we  shall  see 
science  leading  and  directing  every  development  of  the  arts.    His- 
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tory  tells  us  that  bleachiDg  and  dyeing  were  familiar  arts  before 
tlie  science  of  chemistry  had  a  name ;  the  inventor  of  gunpowder 
lived  before  Lavoisier ;  the  mariner's  compass  pointed  the  seaman 
to  the  pole  before  magnetism  took  form  as  a  science ;  the  steam- 
engine  was  invented  and  set  at  work,  substantially  in  all  essential 
details  as  we  know  it  to-day,  before  a  science  of  thermo-dynamics 
was  dreamed  of;  the  telegraph  and  the  telephone,  the  electric  light 
and  the  railroad,  have  made  us  familiar  with  marvels  greater  than 
those  of  fiction,  and  yet  have  been  principally  developed,  in  every 
instance,  by  men  who  had  acquired  less  of  scientific  knowledge 
than  we  demand  to-day  of  every  college-bred  lad. 

But  all  this  is  of  the  past.  Science  has  attained  a  development, 
a  stature  and  a  power,  that  gives  her  the  ability  to  assume  her 
place  in  the  great  scheme  of  civilization.  Hereafter  she  will  direct 
and  will  lead.  The  blind,  scheming  ways  of  the  older  inventor 
will  give  place  to  the  exact  determination,  by  scientific  methods, 
of  the  most  direct  and  mosteflScient  way  of  reaching  a  defined  end — 
methods  now  daily  practised  by  the  engineer  in  designing  his  ma- 
chinery. Instead  of  long,  discouraging,  and  painful  efforts  to 
reach  a  result  which  is  indistinctly  defined,  science  will,  hereafter, 
first  determine  just  what  is  the  end  to  be  sought,  and  then  will 
show  the  direct  line  to  that  end.  Uncertainty  will  give  place  to 
"  certainty,  and  wasted  work  will  be  reduced  to  the  least  possible 
amount. 

The  aids  to  science  have  been  already  briefly  referred  to.  They 
are  partly  material,  partly  moral,  partly  intellectual.  In  the  very 
infancy  of  civilization  the  most  efl9cient  aids  were  tendered  freely 
to  science.  The  rulera  of  the  earliest  historic  nations  gave  en- 
couragement to  the  sciences,  such  as  they  were  in  their  day ;  gov- 
ernments founded  universities  in  the  days  of  the  Greeks  and  the 
Romans ;  the  greatest  minds  of  those  times  were  led  to  turn  their 
attention  to  philosophy,  and  students  in  thousands  thronged  the 
schools.  Aristotle  made  a  rude  yet  definite  beginning  in  the  phys- 
ical sciences ;  Alexander  endowed  research  most  liberally  in  the 
person  of  his  great  master :  the  same  great  warrior  urged  upon 
Nearchus  the  prosecution  of  the  greatest  of  his  plans  of  geographi- 
cal exploration,  and  gave  him  means  to  carry  out  his  schemes ;  an 
enormous  library  at  Alexandria  furnished  the  student  the  then 
available  knowledge  of  the  world ;  the  enormous  '^  museum "  in 
which  it  was  preserved  gave  an  impetus  to  science  that  has  never 
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been  lost;  Euclid,  Archimedes,  Eratosthenes,  Hipparchus  and 
Hero,  those  wonderful  men  who  gave  us  geometry,  taught  us  the 
elements  of  mechanics,  the  principles  of  hydrostatics  and  the  lever, 
founded  systematic  astronomy  and  physical  geography,  put  on 
record  the  earliest  notions  of  the  correct  form  of  the  earth  and  the 
motions  of  the  moon,  catalogued  the  stars,  and  measured  their  an* 
gular  distances,  and  who  first  used  and  described  the  germ  of  the 
steam  engine  and  a  thousand  other  mechanical  inventions,  were 
themselves  the  product  of  an  enlightened  policy. 

The  Arabians  transferred  the  seat  of  science  to  the  west,  and 
erected  her  capital  near  the  shore  of  the  Atlantic.  Experimental 
science  there  had  a  new  birth,  and  the  wealth  of  the  Saracens,  and 
the  intellect  of  the  greatest  among  the  Moors  and  the  Jews,  there 
contributed  to  the  growth  of  real  knowledge.  Alchemy,  the  parent 
of  chemistry,  was  there  born,  and  her  progress  has  never  since  been 
interrupted.  Marcus  Graecus'  gunpowder,  the  more  powerful 
acids,  phosphorus,  and  systematic  chemical  methods  of  investiga- 
tion, are  some  of  the  products  of  the  intellectual  activity  of  that 
time.  I 

Centuries  Inter,  and  after  a  period  of  stagnation  and  darkness, 
the  light  again  flashes  up  and  this  time  it  appears  in  what  is  now 
the  home  of  European  civilization.  The  extension  of  commerce 
leads  to  maritime  discovery ;  the  awakening  of  the  people  by  these, 
to  them,  startling  discoveries,  leads  to  progress  in  every  direction. 
Galileo  and  Bruno  die  that  science  may  forever  live ;  the  invention 
of  the  telescope  stimulates  astronomical  discovery,  and  the  forma- 
tion of  the  modern  science  of  the  solar  and  sidereal  systems ;  the 
magnificent  laborsof  Newton  illustrate  the  progress  of  the  sciences 
of  physics  and  mechanics.  Every  branch  of  natural  philosophy 
grows  and  puts  forth  branches  in  turn^and  the  idea  of  the  universal 
dominion  of  physical  laws  becomes  accepted  as  a  foundation  prin- 
ciple in  science,  and  as  the  basis  of  the  operations  of  the  universe. 
Geology,  ethnology,  physiology,  the  broader  science  of  biology, 
take  form  and  grow  with  astonishing  rapidity;  and,  with  their 
growth,  come  the  minor  sciences  and  the  enormous  mass  of  under- 
lying facts  determined  by  the  now  well-established  methods  of 
scientific  investigation.  Finally,  in  the  later  times  in  which  the 
last  three  or  four  generations  have  borne  a  part,  science  and  art 
have  learned  to  work  together,  and  have  gone  on,  hand  in  hand, 
each  aiding  the  other,  art  supplying  facts,   science  finding  out 
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nature's  laws  as  illnstrated  in  those  facts,  and  both,  gradually,  and 
more  and  more  rapidly  and  fully,  revealing  the  beautiful  and  won- 
derful system  upon  which  the  world  is  constructed,  and  all  its 
curious  operations  carried  on,  while,  at  the  same  time,  applying 
useful  knowledge,  thus  acquired,  in  promoting  the  welfare  of  the 
human  race.  Electricity  and  magnetism,  light  and  heat,  and 
every  form  of  physical  energy  and  of  active  force,  have  become 
revealed  to  man  in  all  their  relations,  and  in  all  their  methods  of 
operation.  Discoveries  in  physics  and  chemistry  succeed  each 
other  with  a  rapidity  that  taxes  even  the  specialist  who  endeavors 
to  keep  himself  informed  in  regard  to  them.  Mechanical  inventions 
crowd  into  our  life  with  such  wonder-working  results  that  every 
day  sees  a  new  task  accomplished  that,  the  day  before,  would  have 
been  regarded  as  little  less  than  miraculous.  The  human  voice  is 
transmitted  a  thousand  miles,  the  written  word  is  sent  across  the 
bed  of  an  ocean  three  thousand  miles  wide,  almost  in  less  time 
than  is  required  to  write  it ;  the  traveller  breakfasts  at  Boston, 
dines  at  New  York,  and  sups  at  Washington  on  the  same  day. 
Ten  thousand  tons  are  transported  ^rom  continent  to  continent, 
over  fifty  degrees  of  longitude,  in  six  days;  one  workman,  with 
the  assistance  of  machinery,  produces  more  than,  a  century  ago, 
could  a  hundred  men,  doing  their  best,  in  the  earlier  rude  ways. 
We  read,  in  the  beam  of  light,  the  distance  and  the  rate  of  motion 
of  the  stars,  and  learn  in  the  same  wonderful  system  of  ethereal 
waves,  to  determine  the  nature  of  the  matter  of  which  those  stars 
are  composed.  Man  is  turning  his  work  in  the  world  over  to  the 
more  exact  and  more  powerful  machines  that  he  has  devised  and 
built,  and  machinery  here  weaves  his  cloths,  there  gathers  his 
gi'ain,  and  yonder  makes  for  mankind  other  machines,  doing  its 
work  with  a  strength  that  is  never  overtaxed,  and  an  endurance 
that  is  never  found  to  reach  a  limit.  Relieved  from  bodily  toil, 
mankind  is  coming  to  that  condition  of  social  life  in  which  mental 
activity  absorbs  its  surplus  energies,  and  the  material  and  intellect- 
ual development  of  civilization  are  carried  on  together,  and  with 
continually  accelerated  progress. 

This  is  the  history  of  the  past,  and  this  is  the  picture  of  the  growth 
of  science  which  we  are  to  study  to  obtain  an  idea  of  what  shall  be 
its  future.  Whenever  and  wherever  the  mind  has  been  set  free  to 
study  and  to  meditate,  to  observe  and  to  experiment,  science  has 
advanced,  and  the  whole  race  has  felt  the  benefits  of  her  labors. 
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This  work  of  science  has  always  demanded  the  material  assist- 
ance of  acquired  wealth,  and  has  given  to  the  investment  so  made 
its  highest  return,  its  best  and  most  bountiful  reward.  Whenever 
and  wherever,  in  the  future,  science  shall  have  the  substantial  aid 
that  she  needs  to  secure  permanent  and  convenient  quarters,  and 
to  prosecute  her  work,  then  and  there  will  the  progress  of  man- 
kind be  accelerated ;  and  this  acceleration  will  be  in  proportion 
to  the  completeness  with  which  the  scientific  method  of  promotion 
of  science  is  adopted.  The  characteristics  of  stationary  periods, 
according  to  Whewell,  are  "obscurity  of  thought,  servility,  an  in- 
tolerant disposition,  and  an  enthusiastic  temper."  Science  teaches 
exactness  and  clearness  of  thought  and  expression,  perfect  inde- 
pendence of  mind,  the  most  absolute  tolerance  of  honestly  held 
and  frankly-expressed  opinion,  and  a  quiet  coolness  of  action  and 
a  deliberation,  however  enthusiastic  may  be  the  nature  of  the  in- 
dividual, that  may  be  depended  upon  to  yield  a  correct  judgment. 
The  rapidity  of  recent  changes  in  our  methods  of  work  is  due 
very  largely  to  the  introduction  and  extension  of  these  character- 
istics of  the  scientific  method,  and  to  the  influence  of  the  scientific 
spirit  upon  mankind. 

It  is  only  in  modern  times,  and  since  the  old  spirit  of  contempt 
for  art,  and  of  reverence  for  the  non-utilitarian  element  in  science, 
has  become  nearly  extinguished,  and  since  our  systems  of  educa- 
tion have  begun  to  include  the  study  of  physical  science,  that  we 
have  had  what  is  properly  called  a  division  of  "Applied  Science." 
In  the  days  of  classical  learning,  science  was  only  valued  as  it  de- 
veloped a  system  of  purely  intellectual  gymnastics ;  the  old  Socra- 
tic  spirit  still  survives,  but  is  fortunately  without  influence  upon 
our  modern  life.  Socrates  rejected  and  condemned  all  physical 
and  mathematical  science,  and,  seeking  to  impart  his  own  contempt 
for  real  knowledge  to  his  disciples,  urged  upon  them  the  study, 
exclusively,  of  ethical  philosophy,  while,  at  the  same  time,  himself 
failing  to  give  to  his  followers  a  real  system  of  morals.  He 
accused  men  of  science  of  reaching  vain  conclusions,  while  he  was 
himself  lost  in  the  labyrinth  of  his  own  indeflnite  and  baseless 
speculations.  Plato  followed  in  the  same  track,  developing  splen- 
did ideas  by  uniting  the  power  of  a  great  intellect  with  the  bright- 
ness of  primitive  imagination,  and  awakening  noble  sentiments 
while  giving  no  assistance  to  his  poor  fellow-creatures  who  desired 
to  conquer  the  necessary  leisure  for  the  enjoyment  of  life.    Aristotle 
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in  physics,  and  Zeno  in  ethics,  emplo3*ed  the  scientific  method,  but 
their  achievements  were  only  appreciated  in  proportion  to  their 
inutility.  Archimedes  was  the  most  perfect  prototype,  in  those 
days,  of  the  modem  ph3'8icist  and  mechanician,  of  the  scientific 
man  and  engineer ;  yet  he,  and  all  of  his  contemporaries,  esteemed 
his  discovery  of  the  relation  between  the  volumes  of  the  C3^1inder 
and  the  sphere  more  highly  than  that  of  the  method  of  determining 
the  specific  gravity  of  a  solid  or  the  composition  of  an  alloy,  and 
deemed  the  quadrature  of  the  parabola  a  greater  achievement  than 
the  theory  of  the  lever  which  might  "move  the  world."  His 
enumeration  of  the  sands  of  the  sea-shore  was  looked  upon  as  a 
nobler  accomplishment  than  the  invention  of  the  catapult,  or  of 
the  pump,  which,  twenty-one  centuries  after  his  death,  still  bears 
his  name. 

No  system  of  applied  science  could  exist  among  people  who 
had  no  conception  of  the  true  mission  of  science,  and  it  was  not 
until  many  centuries  had  passed  that  mankind  reached  such  a  po- 
sition in  their  slow  progress  toward  a  real  civilization,  that  it 
became  possible  to  effect  that  union  of  science  and  the  arts  which 
is  the  distinguishing  characteristic  of  the  age  in  which  we  live. 
It  was  not  until  the  middle  of  the  sixteenth  century  that  Coperni- 
cus and  the  modern  system  of  astronomy  became  possible ;  Colum- 
bus lived  but  a  little  earlier ;  Gilbert,  also,  a  little  later,  supplied 
a  basis  for  the  science  of  magnetism ;  Galileo  applied  his  genius 
to  the  production  of  the  telescope.  His  first  use  of  the  invention 
was  to  earn  martyrdom  by  its  application  to  the  proof  of  the  truth 
of  the  Copernican  system,  one  of  the  most  splendid  of  all  the 
achievements  of  applied  science.  The  revelation  of  the  phases 
of  Venus  was  one  of  the  facts  which  marks  the  conversion  of  the 
world  from  the  old  Greek  methods  of  scientific  thought.  It  was 
not  until  the  middle  of  the  fifteenth  century  that  Europe  could 
produce  a  Leonardo  da  Vinci,  the  first  of  the  great  mechanics  and 
engineers  of  modern  times.  Taking  up  the  work  of  applying 
science  where  his  predecessor,  Archimedes,  had  left  it,  seventeen 
centuries  before,  he  accomplished  an  amount  of  work  in  the  ap- 
plication of  the  ph3'^sical  sciences  and  of  the  science  of  mechanics, 
that  few  men  in  later  times  have  been  able  to  approach,  and  none, 
probably,  to  equal.  He  revealed  the  theory  of  the  lever,  extending 
the  work  of  Archimedes  to  the  more  general  case ;  he  was  acquaint- 
ed with  the  laws  of  hydraulics,  understood  the  nature  and  effects  of 
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fHction^  and,  to  a  certain  extent,  its  laws.  Stevinus  followed 
da  Vinci,  and  Galileo's  treatise  on  mechanics,  which  appeared  in 
1592,  and  his  '^dialogues"  of  1633,  crystallized  the  knowledge  of 
his  time  in  accessible  and  practically  available  form.  Then  came 
Torricelli,  and,  a  little  later,  that  greatest  of  English  philosophers 
and  mechanicians,  Newton,  whose  ^^Principia"  has  been,  from 
1686  to  the  present  time,  a  mine  which  has  richly  repaid  all  the 
less  illustrious  workers  who  have  chosen  to  explore  it.  This  won- 
derful geometer  gave  all  his  mighty  intellectual  power  to  the  work 
of  usefully  applying  science.  He  enunciated  the  laws  of  motion, 
deduced  the  law  of  gravitation,  proved,  by  the  application  of  his 
cumbersome  but  fruitful  methods,  the  exactness  of  Kepler's  laws, 
showed  their  generality,  and  pointed  out  the  fact  that  they  hold 
the  planets  in  their  orbits,  and  sway  the  whole  stellar  world. 

The  time  of  Newton  marks  the  beginning  of  a  grand  outburst 
of  energy  in  the  useful  application  of  the  sciences.  Every  art, 
every  industry,  every  phase  of  human  life,  felt  its  helping  hand. 
Inventions  began  to  appear,  to  relieve  the  delving  laborer,  in 
every  department  of  human  industry.  The  arts  began  to  find  a 
scientific  basis,  and  to  look  to  Science  for  aid  in  their  perfection 
and  in  their  development ;  the  industries  began  to  feel  the  stimu- 
lating effect  of  scientific  discoveries,  and  of  the  introduction  of 
Bcientificmethodsof  application  of  practical  knowledge ;  Descartes, 
Newton  and  Leibnitz  advanced  mathematics  to  a  point  A*om  which 
only  a  Hamilton  or  a  Sylvester  could  carry  it  further ;  Lavoisier 
and  his  contemporaries,  only  a  century  before  our  own  time, 
created  chemistry ;  geology  had  its  birth  almost  within  the  memory 
of  our  elder  colleagues ;  the  several  departments  of  physics  have 
taken  definite  shape  almost  within  our  own  shorter  memories ;  the 
natural  sciences  have  come  into  being  since  the  time  of  Cuvier 
and  LinnsBUS ;  the  greater  science  of  ''energetics"  is  hardly  yet 
defined,  and  has  not  taken  its  place  in  the  text-books  taught  in 
even  our  schools  of  science.  We  are,  in  fact,  at  the  veiy  threshold 
of  the  true  era  of  applied  science. 

In  illustration  of  the  gradual  evolution  and  growth  of  correct 
theory,  and  of  this  slow  development  of  rational  views,  of  the 
methods  of  scientific  deduction,  and  of  the  invariably  tardy  pro- 
gress from  a  beginning  distinguished  by  defective  knowledge  and 
inaccurate  logic,  in  the  presence  of  what  are  later  seen  to  be  plainly 
visible  facts,  and  of  what  ultimately  seem  obvious  principles. 
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observe  the  rise  and  progress  of  our  hardly-yet  completed  theory 
of  that  greatest  of  haman  inventions — the  steam-engine. 

Studying  the  history  of  the  development  of  this  theory,  it  can- 
not fail  to  become  strikingly  evident  that,  throughout,  experimental 
knowledge  and  practical  construction  have  been  constantly  in  ad- 
vance of  the  theory,  and  that  the  science  of  the  conversion  of 
heat-energy  into  mechanical  power  has,  in  all  stages  of  this  pro- 
gress, come  in  simply  to  confirm  general  conclusions  previously 
reached  by  deduction  firom  experience  and  observation,  to  give 
the  reasons  for  well-ascertained  facts  and  phenomena,  and  often — 
not  always  promptly  or  exactly — to  define  the  line  of  improvements, 
and  the  limitations  of  such  advance. 

The  theory  itself  began  by  the  correlation  of  the  facts  deter- 
mined by  the  experiments  of  Rumford  and  Davy,  at  the  beginning 
of  the  century,  those  announced  by  Joule  and  Thompson  many 
years  later,  and  the  laws  developed  by  Clausius,  Rankine,  and 
Thompson,  at  the  middle  of  the  century.  But  Watt  had  discov- 
ered the  facts  which  have  since  been  found  to  set  limits  to  the  effi- 
ciency of  the  engine,  a  hundred  years  ago ;  Smeaton,  in  many 
respects,  the  greatest  mechanical  engineer  of  his  time,  made 
practically  useful  application  of  the  knowledge  so  acquired,  and 
endeavored  to  secure  immunity  from  these  wastes  by  thoroughly 
philosophical  methods.  Clark,  a  generation  ago,  showed  how  the 
losses  first  detected  by  Watt  set  a  definite  limit,  under  the  conditions 
of  familiar  practice,  to  the  gain  to  be  secured  by  the  expansion  of 
steam ;  and  Cotterill  within  a  few  years  has  shown,  by  beautifid 
methods  of  treatment,  their  magnitude,  and  how  these  wastes  take 
place.  Him  and  Leloutre,  in  France,  have  thrown  additional  light 
upon  the  phenomena  of  '^cylinder  condensation,"  and  De  Fremin- 
ville  has  suggested  the  method  of  remedy.  Yet  it  is  only  now 
that  we  are  beginning  to  see  that  the  philosophy  of  heat-engines 
is  not  simply  a  thermo-dynamic  theory,  and  that  it  Involves  prob- 
lems in  physics,  and  a  study  of  the  methods  of  conduction  and 
transfer  of  heat,  without  doing  work,  from  point  to  point  in  the  en- 
gine. We  are  only  now  learning  how  to  apply  to  knowledge  gained 
by  Isherwood  twenty  years  ago,  and  by  Uirn  and  by  Clark  still 
earlier,  in  solving  the  problem  of  maximum  efficiency  of  the  steam- 
engine.  We  have  only  now  discovered  that  the  ^^curve  of  efficien- 
cy," as  I  have  taken  the  liberty  of  calling  it,  is  not  the  curve  of 
mean  pressure  for  ^^adiabatic"  expansion,  as  Rankine  called  it— for 
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'4sentropic"  expansion,  as  Glausius  would  call  it — but  that  it  is  a 
curve  of  very  different  form  and  location,  and  that  it  is  variable 
with  every  physical  condition  affecting  the  working  of  the  expand- 
ing fluid  in  the  engine.  We  have  only  now  learned  that  every 
heat-engine  has  a  certain  ^^ratio  of  expansion  for  maximum  ef- 
ficiency," which  marks  the  limit  to  gain  in  economy  by  expansion, 
which  limit  is  fixed  for  each  engine  by  the  nature  of  the  expansion, 
and  the  method  and  extent  of  wastes  of  heat.  All  the  facts  of  this 
case  Were  apparently  as  obvious,  as  easily  detected  and  weighed 
in  their  influence  upon  the  theory  of  heat-engines,  years  ago,  as 
to-day.  Even  the  latest  phase  of  the  current  discussion  of  eflleien- 
cies  of  heat-engines,  that  relating  to  their  commercial  efficiency, 
would  seem  to  have  been  as  ready  for  development  a  generation 
ago,  when  first  noted  by  Rankine,  as  to-da}^ ;  yet,  what  is  now 
known  as  a  simple  and  easily  formulated  theory  has  been  several 
decades  in  growing  into  shape,  notwithstanding  that  all  the  needed 
facts  were  known,  or  readily  determinable,  at  the  very  beginning 
of  the  period  lAarked  by  its  evolution.  It  is  only  within  a  year  or 
two  that  it  has  become  poss^ible  to  say  that  the  theory  of  the 
steam-engine,  as  a  case  in  applied  mechanics,  has  become  so  com- 
plete that  the  engineer  can  safely  rest  upon  it  in  the  preparation 
of  his  designs,  and  in  his  calculations  of  power,  economy,  and 
commercial  efficiency. 

Even  in  the  lowest  department  of  applied  mechanics,  that  which 
forms  the  basis  of  the  work  of  the  engineer — that  including  the 
study  of  the  materials  of  construction— our  knowledge,  scientific 
or  general,  has  been  wonderfully  slow  of  development.  Experi- 
mental work  may  be  said  to  have  commenced  in  this  field  a  century 
ago,  and  the  labors  of  Muschenbroecll,  of  Tredgold,  of  Barlow 
and  of  Hodgkinson,  of  Fairbairn,  and  of  their  coadjutors  of  the 
first  half  of  the  century,  gave  to  the  constructor  and  to  the  theo- 
rist the  facts  which  were  most  essential  to  their  work.  But  it  is 
only  within  the  past  few  years  that  the  conditions  modifying  the 
value  of  these  materials,  as  applied  in  engineering,  have  been 
carefully  and  critically  studied  by  the  light  of  experimental  in- 
vestigation. The  effect  of  heat  upon  strength  and  elasticity  ;  the 
alteration  of  structure  produced  by  vibration  ;  the  difference  in 
carrying  power  and  in  safe  loading,  due  to  reversed  stresses ;  the 
modification  of  the  value  of  steel  by  alteration  of  chemical  com- 
position and  by  various  modes  of  tempering ;  the  effect  of  that 
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singular  phenomenon,  the  variation  of  the  normal  line  of  elastic 
limits  by  strain ;  the  persistence  of  the  effect  of  strain  in  the 
production  of  cold-worked  iron  and  steel,  and  in  the  permanent 
record  of  the  results  of  accidents  straining  structures, — ^all  these 
have  been  matters  left  for  the  present  generation  to  investigate. 

It  is  only  to-day  that  we  are  beginning  to  ascertain  the  existence 
of  alloys  and  special  modifications  of  iron  and  steel  which  adapt 
these  metals  to  special  purposes,  and  the  engineer  is  only  now  be- 
coming accustomed  to  the  writing  of  specifications  including  details 
of  the  composition  and  character  of  the  materials  to  be  used  in 
his  work.  The  use  of  manganese  steels  and  bronzes,  of  the  phos- 
phor bronzes,  and  of  various  other  deoxidized  alloys,  the  search 
for  the  exact  location  of  the  alloy  of  maximum  possible  value  for 
specified  purposes ;  the  continuation  of  researches  in  regard  to 
the  effect  of  prolonged  loading  of  materials  and  of  structures ; 
these  and  similar  matters  are  those  which  are  receiving  the  atten- 
tion of  the  engineer  of  our  day,  and  are  merely  the  beginnings  of 
a  renaissance  in  applied  mechanics  which  is  likely  to  reveal  wonders 
where  they  have  been  least  expected  and  most  rarely  looked  for. 

But  the  slow  progress  of  scientific  development  in  matters  re- 
lating to  common  practice  in  the  useful  arts  is  hardly  less  remark- 
able than  the  difiSculty  with  which  scientific  principles,  even  when 
well  established  and  well  known  among  scientific  and  educated 
men,  sink  down  into  the  minds  of  the  masses.  Perhaps  no  prin- 
ciple in  the  whole  range  of  physical  science  is  better  established 
and  more  generally  recognized  than  that  which  asserts  the 
maximum  efficiency  of  fiuid  in  heat  engines  to  be  a  function,  simply, 
of  the  temperatures  of  I'eception  and  rejection  of  heat,  and  to  be 
absolutely  independent  of  #he  nature  of  the  working  fluid.  This 
was  shown  by  Carnot,  sixty  years  ago,  and  has  been  considered 
one  of  the  fundamental  principles  of  thermo-dynamics  from  that 
time  to  this.  Nevertheless,  so  rarely  is  it  comprehended  by  me- 
chanics, and  so  difficult  is  it  for  the  average  mind  to  accept  this 
truth,  that  the  most  magnificent  fallacies  of  the  time  are  based  upon 
assumptions  in  direct  contradiction  of  it.  The  various  new 
^^motors"  recently  brought  before  the  public  with  the  claim  of 
more  than  possible  perfection,  have  taken  hundi*eds  of  thousands 
of  dollars,  within  the  past  two  or  three  years,  from  the  pockets  of 
credulous  and  greedy  victims.  It  is  not  sufficient  to  declai*e  the 
principle ;  the  comparison  of  steam  with  ether,  and  of  air  or  gas 
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with  carbon-disulphide  or  chloroform,  must  be  made  directly,  and 
the  results  presented  in  exact  figures,  before  the  unfortunate  in- 
vestor— whose  rapaciousness  is  too  often  such  as  to  cause  him  to 
give  ear  to  the  swindler,  rather  than  to  the  well-informed  and 
disinterested  professional  to  whom  he  would  ordinarily  at  once  go 
for  advice--can  be  induced  to  withdraw  from  the  dangerous  but 
seductive  scheme.  It  is  true  that  the  principle  does  not  as  exactly 
apply  to  a  comparison  of  efficiencies  of  machine,  and  that  the  ven- 
dor of  new.  motors  usually  seizes  upon  this  point  as  his  vantage 
ground  ;  but  a  careful  comparison  of  the  several  fluids,  both  as  to 
efficiency  of  fluid  and  efficiency  of  machine,  throughout  the  whole 
range  of  temperatures  and  pressures  found  practicable  in  applica- 
tion, such  as  has  recently  been  made  under  my  direction,  shows 
that  the  final  deduction  is  substantially  the  same  for  all  the  usually 
attainable  conditions  of  practice,  andf  further,  that  of  all  the 
available  fiuids,  steam  is,  fortunately,  the  best. 

It  is  only  since  our  political  body  became  a  nation  that  the  ap- 
plication of  scientific  methods  of  experiment  led  that  great  engineer, 
James  Watt,  to  the  invention  of  the  greatest  of  mechanical  civiliz- 
ing agents,  the  modern  steam-engine.  It  is  within  the  life-span  of 
many  who  are  still  living  that  the  art  of  spinning,  the  art  of  weav- 
ing by  machinery,  the  production  of  the  cotton  gin,  the  invention' 
of  the  sewing  machine,  and  a  thousand  other  now  familiar  and 
essential  factors  of  our  present  life,  have  been  born  of  this  union 
of  science  and  art.  The  locomotive,  the  steamship,  the  telegraph 
the  telephone,  are  all  younger  members  of  the  same  family — the- 
mighty  progeny  of  that  mightier  pair.  The  world  has  learned  to 
value  science  for  her  beneficence,  for  her  fruitfulness,  for  her  help« 
fulness.  It  has  learned  that  to  a  true  union  of  science  with  art 
only,  are  we  to  look  for  the  methods  and  the  means  by  which  man«> 
kind  is  to  be  finally,  if  at  all,  emancipated  from  the  yoke  of  over- 
burdening labor  now  so  terribly  oppressing  the  race. 

The  cultivation  of  science,  in  its  relations  to  every  branch  of 
the  arts,  and  to  every  department  of  the  industries  of  the  world ; 
the  collection  of  practically  important  facts,  and  the  discovery  of 
its  essential  laws,  as  forming  a  system  of  application  of  science,  is, 
as  is  now  sufficiently  evident,  the  task  which  lies  before  every 
scientific  worker.  It  is  further  evident  that  there  must  be  inaug- 
urated a  system  of  cultivation  of  science  that  shall  promote  the  ad- 
vancement of  scientific  knowledge,  and  that  shall  aid  in  the 
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application  of  science  to  the  daily  work  of  humanity.  We  have 
seen  what  such  a  system  must  be,  and  how  it  must  be  developed 
and  set  in  operation.  In  the  carrying  out  of  this  system  of  pro- 
motion and  cultivation  of  science,  we  are  to  see  that  men  of  sci- 
ence are  given  all  necessary  assistance  in  their  noble  task ;  and 
the  way  in  which  this  aid  is  to  be  obtained  and  made  effective  has 
been  already  discussed  at  sufficient  length.  But,  when  this  part 
of  our  work  has  been  satisfactorily  organized  and  set  in  opera- 
tion, we  have  the  no  less  important  task  left  us  to  see  that  the 
knowledge  so  acquired  shall  be  preserved  and  communicated  to 
the  new  generation.  This  leads  us  to  consider  our  methods  of  ed- 
ucation. 

Glancing  back  into  history,  we  find  that  the  distinction  which  1 
have  pointed  out  between  the  old  and  the  new  schools  of  philosophy 
and  of  thought  has  been  eaually  marked  in  the  methods  of  educa- 
•tion  of  the  older  civilization  and  the  new.  Only  a  few  decades 
have  .passed  since  the  onl}*^  education  that  could  be  obtained  in  our 
schools  was  one  embracing  merely  the  purel}'  literary  and  the 
speculative,  with  a  small  allowance  of  pure  mathematics.  The 
languages,  history,  literature,  the  elementary  mathematics,  and 
the  old  systems  of  speculative  philosophy,  were  the  principal  sub- 
jects taught  in  our  colleges.  Gradually,  the  natural  and  physical 
sciences  came  in,  and  were  given  a  subordinate  place  in  the  col- 
lege course,  and  then  only  under  protest.  The  stereotyped  argu- 
ment for  the  retention  of  the  old  system,  to  the  exclusion  of  the 
new.  was,  and  is  to-da}',  the  assertion  that  the  old  system  strength- 
ened the  intellect  and  broadened  the  views  of  the  student,  while 
the  new  subjects  were  merely  useful.  The  fact  that  the  study  of 
science  is  the  most  effective  of  disciplines  for  the  reasoning  facul- 
ties, for  the  memory,  for  the  judgment,  and  for  the  very  faculties  for 
which  the  older  instruction  is  claimed  to  do  so  much,  is  not  even  now 
perceived,  far  less  admitted,  by  many  of  our  most  distinguished 
and  ablest  educators.  But  in  spite  of  all  difficulties  arising  from  ig- 
norance, prejudice,  habit  and  opposing  interests,  the  study  of 
applied  sciences  is  becoming  as  well  established  as  part  of  the 
modern  college  course,  as  is  that  of  any  branch  of  pure  science ; 
and  the  study  of  pure  science  is  very  steadily  becoming  a  more 
important  part  of  the  standard  system  of  general  education — of 
'liberal"  education — while,  at  the  same  time,  dt  is  gradually  be- 
coming changed  in  its  form  of  presentation,  to  adapt  It  more  per- 
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fectly  to  its  subsequent  use  in  application.  Speculation  is  every- 
where losing  its  place,  and  investigation  and  systematic  research 
are  advancing  to  occupy  the  deserted  ground. 

The  modern  method  of  education  is  becoming  thoroughly  sys- 
tematic. It  involves  the  introduction  of  scientific  methods  of 
promotion  of  the  efficiency  of  instruction  ;  it  includes  the  careful 
study  of  every  detail  of  the  educational  system,  and  of  the  whole 
course  of  tuition,  determining  what  methods  are  the  most  fruitful 
of  useful  and  practically  valuable  results,  what  are  the  subjects, 
and  what  the  methods  of  presentation,  which  give  to  the  learner 
the  largest  amount  of  permanently  retainable  and  widely  applicable 
knowledge.  Our  primary  education  has  always,  and  necessarily, 
been  distinguished  by  the  predominance  of  the  scientific  method 
and  of  the  practical  side.  We  have  not  been  driven  so  impera- 
tively toward  this  use  of  scientific  methods,  and  of  application  of 
the  sciences  bearing  upon  common  life,  in  the  higher  education  ;  but 
the  wisdom  and  the  expediency  of  a  modification  of  old  ways,  in  this 
respect,  is  now  rapidly  becoming  acknowledged,  and  the  new  edu- 
cation may  be  considered  as  fairly  and  safely  introduced.  We  may 
call  it  the  modern  systematic  method,  the  scientific  method,  of  ed- 
ucation. Science  will  never,  we  may  be  sure,  displace  entirely  the 
older  departments  of  education  ;  but  science  will  henceforth  take  a 
place  beside  them  as  no  less  valuable  for  mental  discipline,  and  as 
the  essential  factor  in  the  promotion  of  progress  in  all  the  arts  and 
employments,  in  all  the  daily  life  and  work  of  the  world. 

And  not  only  may  we  feel  assured  that  science  will  never  en- 
tirely displace  the  older  systems  of  education,  although  certain 
soon  to  take  her  rightful  place  beside  literature  and  philosophy,  with 
her  own  most  efficient  servant,  mathematics  ;  but  we  may  plainly 
see  that  the  time  is  not  far  distant  when  we  shall  have,  for  those 
who  propose  making  science  their  mistress,  and  for  those  who  are 
to  make  the  work  of  their  lives  the  application  of  science  to  the 
arts  and  the  humbler  industries  of  the  world,  ^'schools  of  science 
in  every  city,  colleges  of  science  in  every  State,"  and  universities 
of  science,  pure  and  applied,  as  the  base  of  the  great  pyramidal 
educational  system.  And  it  may  be  anticipated  that  when  the 
system  shall  have  become  perfected  and  of  full  growth,  it  will  be 
the  universal  custom  of  those  proposing  to  study  in  these  ad- 
vanced schools,  to  secure,  first,  the  general  education,  the  broad 
culture,  and  the  disciplinary  preparatory  training,  that  the  aca- 
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demic  schools  now  give,  before  entering  upon  the  special  branches 
of  study  that  are  to  be  continued  through  their  later  lives. 

Students  of  science  will  enter  these  professional  schools  from 
the  colleges  of  the  country,  precisely  as  they  now  enter  the  medical 
schools  and  the  schools  of  law,  making  their  professional  studies 
post-graduate  courses.  The  line  will  thus  lie  through  the  primary 
schools,  which  are  becoming  each  year  better  fitted  to  give  the 
child  the  best  introduction  into  a  life  either  of  labor  or  of  study, 
through  the  higher  schools,  in  which  instruction  is  daily  becoming 
more  practically  valuable,  both  in  the  imparting  of  knowledge 
and  in  mental  discipline,  through  the  college,  where  the  discipline 
already  given  will  make  the  student  capable  of  securing  good  and 
permanently  valuable  knowledge,  into  the  scientific  school,  and, 
in  many  cases,  onward  and  upward  into  the  university  of  sciences, 
in  which  all  science  is  specialized  for  those  who  propose,  as  all 
scientific  men  must,  to  devote  themselves  wholly  to  scientific  work. 

Thus,  ultimately,  will  science  lead,  direct,  and  most  efidciently 
aid,  the  nation  in  its  progress  toward  the  ideal,  yet  approachable, 
social  state  which  has  been  the  hoped-for,  if  not  the  promised, 
land  of  every  great  political  and  social  economist  and  philosopher, 
from  the  days  when  Cicero  thought  it  his  greatest  honor  to  have 
written  ^^On  the  Commonwealth,'*  up  to  the  present  time.  Ac- 
cording to  Cicero,  the  Roman  Commoqwealth,  ^^by  defending  its 
allies,"  took  possession  of  the  world.  Our  own  grander  common- 
wealth, by  defending  and  sustaining  her  as  yet  hardly  recognized, 
but  most  powerful  and  most  beneficent  ally.  Science,  will,  some- 
time, control,  and  for  vastly  grander  purposes,  a  greater  world. 

The  place  of  these  modern  methods  in  our  political  and  social 
system  can  now  be  readily  determined.  Had  it  been  asserted  a 
generation  ago  that  science  should  control  our  politics  and  dictate 
in  every  movement  of  our  social  system,  and  that  it  should  be  the 
guiding  star  of  every  political  economist  and  of  every  philosopher, 
whatever  his  province,  the  claim  would  have  excited  a  smile,  and 
would  neither  have  received  consideration  nor  provoked  rejoinder. 
But  we  shall  see  that  this  is  precisely  the  place  which  will  be  ulti- 
mately, and  of  necessity,  taken  b}^  science,  and  that  it  is  to  science 
that  every  great  movement,  whether  political  or  social,  industrial 
or  ethical,  must  look  for  intelligent  direction. 

The  object  of  every  correct  system  of  government  is  to  secure 
to  every  member  of  the  society  which  it  guards  protection  of 
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life  and  property,  liberty  to  earn  as  mncb  wealth  and  to  secure  as 
many  of  the  comforts  and  laxuries  of  this  life  as  he  may,  and  op- 
portunity to  prepare  the  coming  generation  most  effectively  for 
saccessfnlly  doing  the  work  that  lies  before  it.  This  is  not  the 
object  accomplished  by  the  old  governments.  They  were  estab- 
lished for  the  purpose  of  promoting  the  welfare  of  ruling  individ- 
uals, or  of  ruling  classes  ;  and  the  result  of  their  control  of  society 
was,  invariably,  the  elevation  of  the  one  class  at  the  expense  of 
the  other ;  the  rulers  flourished  at  the  cost  of  those  who  were 
ruled .  Modern  systems  of  government  are  continually  approaching 
that  ideal  form  in  which  the  people  govern  the  people,  and  in 
which  the  public  good  and  the  security  of  the  citizen  is  the  end 
sought.  But,  as  it  is  the  end  and  aim  of  every  good  government 
to  promote  the  welfare  of  the  citizen  b}*  purely  general  legislation, 
and  by  the  enforcement  of  laws  enacted  without  reference  to  in- 
dividuals or  classes,  it  becomes  the  duty  of  the  citizen  who  appoints 
the  legislator,  and  of  the  legislator  who  makes  the  laws,  to  seek 
the  scientific,  the  logically  and  the  ethically  correct,  method  of 
promoting  general  welfare.  It  is  here  that  science,  at  the  very  start, 
becomes  properly  our  guide.  The  government  is  charged  with  the 
duty  of  guarding  and  promoting  every  legitimate  industry,  of  giving 
every  citizen  the  means  of  preparing  himself  to  do  his  work  in  the 
world  and  of  developing,,  in  every  proper  way,  the  natural  re- 
sources and  the  appropriate  industries  of  the  territory  over  which  it 
has  control.  How  this  can  best  be  done  it  is  the  province  of  science 
to  point  out.  Men  of  science,  each  in  his  own  department,  are  the 
natural  advisers  of  the  legislator.  Citizens  and  legislators  are  both 
entitled  to  claim  this  aid  from  those  who  have  made  the  sciences 
of  the  several  arts  their  special  study,  and  from  those  who  have 
devoted  their  lives  to  the  study  of  the  sciences  of  government,  of 
social  economy,  and  of  ethics. 

Of  all  (he  many  fields  in  which  the  men  of  science  of  our  day 
are  working,  that  which  most  nearly  concerns  us,  and  that  which 
is  of  most  essential  importance  to  the  people  of  our  time,  is  that 
department  of  applied  science  which  is  most  closely  related  to  the 
industries  of  the  world.  The  two  great  needs  of  mankind  to-day 
are,  first,  an  education  that  shall  enable  the  workers  to  acquire  all 
the  necessaries  of  civilized  life,  a  fair  share  of  the  comforts,  and 
even  some  of  its  luxuries ;  second,  such  provision  for  the  non- 
workers,  deserving  but  invalid,  willing  but  impotent,  as  shall  insure 
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tbem  against  actual  sufTering,  and,  if  possible,  give  them  some 
compensation,  in  tlie  short  remainder  of  life,  for  their  misfortunes. 
By  thus  reducing  the  suffering  existing  VP  the  world,  science  will 
accomplish  its  highest  mission.  Government  has  two  main  objects 
to  secure ;  the  suppression  of  crime  and  the  promotion  of  indus- 
tries. It  is  in  the  latter  that  applied  science  finds  its  plainest 
and  its  most  obvious  line  of  application,  and  in  such  application, 
as  we  shall  readily  perceive,  the  department  of  science  which 
must  find  widest  and  most  important  fields  of  application  will 
inevitably  be  that  of  '"Mechanics." 

Mechanics  directs  the  advancement  of  the  world  in  an  astonish- 
ingly greater  degree  than  does  any  other  department  of  science, 
and  it  has,  therefore,  correspondingly  great  importance  as  one  of 
the  great  agents  of  civilization.  Every  industry  is  largely  mechani- 
cal ;  nearly  all  of  the  products  of  the  labor  of  the  world  are  given 
form,  to  a  greater  or  less  extent,  and  usually  principally,  by  me- 
chanism. It  is  applied  mechanics  that  sows  and  reaps  our  grain, 
that  grinds  our  fiour,  that  transports  it  to  domestic  markets,  that 
carries  it  across  the  ocean  to  the  half-fed  people  of  Europe ;  it  is 
applied  mechanics  that  prepares  our  cotton  for  the  mill,  that  com- 
presses the  product  of  acres  into  a  bale  that  may  be  handled  by  a 
single  strong  man,  that  spins  our  cotton  and  our  wool,  weaves  them 
into  cloth,  and  even  cuts  the  cloth  to  pattern,  and,  by  its  most  in- 
genious of  minor  applications,  the  sewing  machine,  gives  the 
garment  permanent  form.  Applied  mechanics  gives  to  the  astron- 
omer his  telescope,  enables  him  to  calculate  the  elements  of  the 
planets  and  the  stars,  teaches  the  mariner  his  system  of  navigation, 
gives  him  the  ship  that  he  thus  directs,  guides  the  engineer  in  his 
magnificent  work  of  designing  the  machinery  which  impels  the 
enormous  structure.  Even  the  sister  sciences,  physics  and  chem- 
istry, are  departments  of  applied  mechanics,  and  are  coming  to 
take  their  place  in  the  wide  spreading  department  of  ^'molecular 
mechanics,"  and  in  a  still  more  comprehensive  but  younger  branch 
of  our  science — that  of  "energetics." 

Even  vital  forces  are  gradually  coming  to  be  grouped  under  the 
same  head,  and  all  the  natural  sciences  are  more  and  more  generally 
recognized  as  properly  falling  into  the  department  of  energetics, 
and  as  illustrations  of  the  application  of  the  laws  of  mechanics. 
The  Mission  of  Science  is  to  be  fulfilled  mainly,  then,  through  the 
application  of  mechanics. 
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How  the  application  of  our  beautiful  and  noble  science  is  to 
promote  the  welfare  of  the  race,  by  the  solution  of  the  apparently 
abstract  problems  which  eveiywhere  challenge  the  student  of 
science  may  not  always  be  readily  perceived.  The  mechanics  of 
the  ether,  the  determination  of  the  exact  measurements  of  its  elas- 
ticity and  density — of  which  we  only  know  to-day  that  the  one  is 
probably  as  enormous  as  the  other  is  inconceivably  small — the 
character  of  its  vibrations,  the  method  of  distribution  of  its  mol- 
ecules, their  magnitudes  and  distances,  and  the  extent  of  their 
movements ;  the  methods  of  conversion  of  mechanical  energy, 
or  of  other  forms  of  energy,  into  light  and  into  heat ;  the  great 
problem  of  transformation  of  heat  into  mechanical  energy  without 
waste ;  the  still  greater  problem  of  the  direct  transmutation  of  the 
work  of  chemical  combination  into  other  forms  of  work  and  power ; 
the  discovery  of  the  nature  'and  method  of  operation  of  those 
forces  which  ^ive  rise  to  chemical  and  electrical  energy ;  the 
method  of  conversion  of  the  two  forms  of  energy,  the  one  into  the 
other,with  maximum  efficiency  ;  all  these  are  problems  that  confront 
the  investigator  to-day,  and  all  have,  directly  or  indirectly,  al- 
though it  may  not  be  easily  seen  just  how,  a  real  bearing  upon  the 
prosperity  of  the  race.  Those  more  directly  "practical"  problems, 
such  as  the  discovery  of  a  means  of  making  non-conducting  work- 
ing cylinders  for  our  heat  engines ;  the  production  of  the  electric 
arc  without  variation  of  intensity  of  light ;  the  development  of  me- 
chanical power  with  absolute  steadiness  and  uniformity  of  speed  ; 
the  concentration  of  power  for  aeronautic  applications ;  the  ap- 
plication of  the  mechanic's  inventive  power  to  the  cheapening  of 
all  the  methods  of  production  and  supply  of  the  perishable  neces- 
saries of  life ;  all  these  are  obviously  within  the  province  of  our 
science  in  the  prosecution  of  its  beneficent  mission.  But  it  is  not 
enough  that  it  shall  be  made  possible  that  one  pair  of  hands  shall 
do  the  work  of  two ;  work  must  be  found  in  new  fields  for  the  pair 
of  hands  thus  thrown  out,  and  this  makes  it  the  duty  of  science 
and  of  its  workers  to  see  that  new  departments  of  skilled  employ- 
ment shall  be  opened  to  surplus  labor.  Thus  the  development  of 
new  industries  becomes  as  much  a  part  of  the  work  of  science  in 
the  future  as  is  the  improvement  of  those  now  existing.  The  new 
industries  must  evidently  be  mainly  skilled  industries,  and  must 
afford  employment  to  the  more  intelligent  and  more  finely  endowed 
of  those  to  whom  our  modern  systems  of  education  are  offering 
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their  best  gifts.  When  this  process  of  industrial  revolution  shall 
have  been  effected,  the  great  mass  of  mankind  will  be  able  to 
secure  by  the  labor  of  each  day,  restricted  to  such  number  of 
working  hours  as  shall  best  develop  and  maintain  in  healthy  con* 
dition  the  whole  muscular  system,  all  the  necessaries  and  comforts 
of  civilized  life,  and  will  yet  find  time  for  recreation  and  for  the 
cultivation  of  the  moral  and  intellectual  faculties,  and  for  the 
development  of  all  the  mental  powers  and  of  all  the  affections. 

The  progress  of  science,  as  seen  in  her  past  history,  resembles 
that  of  the  great  steamships  which  are  now  the  embodiment  of  the 
most  wonderful  of  the  results  of  human  intellect,  working  through 
the  scientific  applications  of  mechanics,  which  to-day  mark  the 
advanced  position  of  civilization.  In  the  building  of  the  steamer 
long  weeks  are  spent  in  the  preparation  of  plans,  in  the  calculation 
of  proportions,  and  in  the  determination  of  the  form  in  which  the 
enormous  masses  of  iron  are  to  be  grouped  ;  months  are  spent  in 
gathering  the  materials  together  which  are  to  be  given  shape  in 
the  gi'eat  vessel,  and  which  are  to  be  turned  and  planed  and  cast 
and  forged  into  the  pieces  composing  the  mighty  engines  and  lesser 
machinery ;  during  months  and  months  tlie  tremendous  structure 
lies  motionless  upon  the  ways,  slowly  taking  shape,  slowly  receiv- 
ing the  massive  machinery  which  is  to  form  the  vital  apparatus 
essential  to  the  life-like  action  of  that  powerful,  and  hardly  less 
than  living,  creature.  No  sign  of  life  or  power  is  seen  during  this 
long  period  of  development,  and,  to  the  uninstructed  observer, 
it  may  appear  utterly  improbable  that  the  dormant  mass  can  ever 
be  more  than  an  inert,  and  useless  hulk ;  yet,  after  a  time,  when 
the  period  of  preparation  is  completed,  and  when  all  that  is  need- 
ed for  the  purposes  intended  by  the  designer  and  the  constructor 
has  been  brought  together  and  put  in  place,  suitably  connected, 
part  to  part,  there  comes  a  time  when  a  change  and  a  movement 
are  perceived.  A  few  insignificant  pieces  of  timber  are  knocked 
away,  and  the  enormous  vessel,  slowly  and  by  imperceptible  accel- 
eration, moves  down  toward  the  water,  and,  with  continually  in- 
creasing speed,  finally  rushes  into  the  element  which  is  to  be,  for 
all  its  future  life,  its  home.  A  halt  and  a  little  more  delay,  and  a 
now  fully  equipped  and  self-impelling  steamship  once  more  moves. 
Starting  again,  with  slow  and  hardly  visible  motion,  by  the  ex- 
ertion of  her  own  unseen,  but  inconceivable  power,  the  great  ship 
gradually  acquires  velocity,  and  we  see  her,  later,  traversing  the 
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ocean,  back  and  forth,  over  a  thousand  leagues  of  water  like  an 
enormous  shuttle,  weaving  bands  that  tie  closer  and  closer  hitherto 
separated  members  of  a  common  race,  of  one  human  stock,  and 
binding  the  nations  daily  into  more  perfect  brotherhood. 

So  it  was  with  science  in  the  past,  and  so  is  it  in  the  present. 
Long  ages  ago,  in  the  earliest  historic  period,  was  her  time  of  slow 
and  unobserved  generation  and  embryonic  growth.  All  through 
the  middle  ages  signs  were  not  wanting  of  her  existence  and  grad- 
ual development,  in  the  changing  methods  of  thought  of  mankind, 
and  in  the  accumulation  of  materials  to  be  usefully  applied  at  a 
later  date.  At  the  beginning  of  the  seventeenth  century,  the 
first  great  movement  began,  and  then  only  did  the  true  purpose 
of  all  that  earlier  period  of  preparation  become  evident.  A  cen- 
tury ago,  with  the  birth  of  the  steam-engine,  later,  with  the  intro- 
duction of  product  of  the  printing  press  into  the  daily  life  of  the 
world,  with  the  apparition  of  the  electric  telegraph  and  the 
introduction  of  the  railroad,  began  the  real  progress  of  science, 
and  we  are  now  seeing  but  the  beginning  of  her  awe-inspiring 
career.  She  has  taught  us  to  drive  ten  thousand  tons  across  the 
seas,  regardless  of  wind  and  waves,  by  the  might  of  our  12,000 
horse-power  engines — engines  in  which  steam  does  more  work 
than  fifty  thousand  actual  horses  could  do,  continuously.  She  has 
taught  us  to  send  printed  messages  across  the  oceans  and  across 
the  continents,  girdling  the  world  with  her  mysterious  wire ;  she 
has  shown  us  how  to  drive  the  railway  train,  with  its  hundreds  of 
tons  of  merchandise  and  living  freight,  faster  than  birds  can  fly ; 
she  has  helped  us  give  to  the  people  news  of  every  land,  gathered 
in  every  clime,  and  brought  to  us  by  messengers  swifter  than  the 
shadows  of  the  sun,  and  printed  on  millions  of  sheets  between  the 
first  glowing  of  the  dawn  and  the  rising  of  the  orb  of  which 
Aurora  is  the  messenger ;  she  has  given  practical  expression  to  a 
myriad  of  other  hardly  less  magnificent  philanthropies.  Yet  the 
mission  of  science  has  made  but  the  veriest  beginning.  It  still 
remains  to  her  to  perfect  and  to  systematize  a  thousand  new  in- 
dustries, to  invent  as  yet  unimagined  new  arts,  to  bring  the  laborer 
worthy  of  his  hire  all  that  he  needs,  and  all  that  he  can  desire  for 
his  own  comfort  and  for  the  care  and  comfort  of  his  family,  to  so 
adjust  the  power  of  production  to  that  of  consumption,  and  both 
to  the  working  capacity  of  the  world,  that  the  now  seeming  natural 
confiict  between  the  employer  and  the  employee,  between  labor 
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and  capital — that  fallacy  which  is  the  support  of  every  demagogue 
— shall  no  longer  have  even  the  appearance  of  existence.  She  has 
still  to  do  her  part  toward  the  reduction  of  all  systems  of  govern- 
ment to  the  one  only  correct  form ;  that  in  which  the  people  are 
governed  by  the  people,  for  the  best  good  of  the  people,  and  in 
which  legislation  is  solely  directed  towards  the  protection  of  life, 
of  liberty  to  do  right,  toward  the  protection  and  support  of  the 
industries  of  the  country,  the  sustaining  of  a  system  of  education 
that  shall  give  to  every  citizen  the  opportunity  to  fit  himself  with 
maximum  efficiency  for  the  duties  of  a  well  planned  life,  and  the 
encouragement  in  every  right  and  reasonable  way,  of  all  that  tends 
to  aid  the  material  and  the  moral  welfare  of  the  community. 

She  has  all  this  and  much  more  to  do ;  and  her  highest  work 
will  be  found  to  include,  I  think,  important  modifications  of  the 
methods  of  evolution  and  of  conformation  of  the  race.  The  enor- 
mous advancement  of  the  intellectual  side  of  life  must  inevitably, 
as  it  seems  to  me,  result  in  the  production  of  a  race  of  men  peculiar- 
ly adapted  to  such  environment  as  science  is  rapidly  producing. 
Thus  accomplishing,  under  the  guidance  of  our  science,  such 
tasks  as  lie  before  him  to  accomplish,  the  "Coming  Man,"  with  his 
greater  frontal  development,  his  increased  mental  and  nerve  power, 
his  growing  endurance  and  probably  lengthening  life,  will  be  the 
greatest  of  the  products  of  this  scientific  development,  and  the 
noblest  of  all  these  wonderful  works.  And  may  it  not  be  possible 
in  the  better  daj's  of  that  future  into  which  we  may  now  barely 
get  the  faintest  glimpse,  when  the  increase  of  the  population  of 
the  world  shall  be  limited,  not  as  now  by  the  maximum  of  misery 
and  suffering  bearable  by  the  race,  nor  yet  by  art,  not  by  a  Mal- 
thusian  system,  but  by  the  rate  of  expenditure  of  vital  power  in 
the  operations  of  the  mind,  of  the  Intellect  and  of  the  affections, 
when  those  who  are  brought  into  the  world  shall  have  fair  prospect 
of  being  permitted  to  lead  happy  and  prosperous  lives,  when  suf- 
fering and  misery  shall  have  been  reduced  to  a  minimum — that  we 
may  see  man  taking  the  place  assigned  him  by  Ruskin  ?  Says  that 
great  master  of  expression :  "All  the  power  of  nature  depends  upon 
subjection  to  the  human  soul.  Man  is  the  sun  of  the  world  ;  more 
than  the  real  suu.  The  fire  of  his  wonderful  heart  is  the  only  light 
and  heat  worth  gauge  or  measure.  Where  he  is  are  the  tropics  ; 
where  he  is  not,  the  ice-world."  May  not  this  development  of  the 
human  soul  be,  after  all,  the  true  Mission  of  Science? 
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As  a  toil-worn  traveller, wearily  faring  homeward  at  earl}^  dawn, 
skirts  the  western  shore  of  some  broad  lake,  picking  his  way  by 
the  uncertain,  but  always  increasing,  light  penetrating  the  cloud 
beflecked  sky,  at  last  sees  in  the  east  the  uprising  sun,  and  watches 
its  steadily  growing  disk,  and  the  wide-extended  sheaves  and  pen- 
cils of  splendent  golden  light,  silvering  and  gilding,  and  magnifi- 
cently tinting,  every  snowy  pile  of  vapor,  etherializing  all  the 
low-lying  mist  that  hides  the  bosom  of  the  lake,  and  sees  finally, 
across  the  rippling  waves  stirred  by  the  first  gentle  breezes  of  the 
dawn,  the  fiashing  of  a  broad  band  of  glory,  each  wave  at  the 
distant  shore  catching  up  its  share  of  the  wonderful  illumination, 
each  its  handful  of  the  beautiful  light,  each  passing  it  onward  to 
the  nearer  swell,  and  each  catching  new  beauty  from  the  passing 
beams  of  the  day-god,  until  the  eyes  are  dazzled  by  the  spreading 
sheen,  and  all  the  scene  is  surcharged  with  light,  until  the  glory 
covers  the  weaiy  one,  lightening  his  heart,  cheering  his  soul, 
quickening  his  step,  and  sending  him  homeward,  with  all  his  sad- 
ness gone,  refreshed,  hopeful,  and  happy, — 

So  man,  plodding  onward,  sad,  overburdened,  and  despairing, 
toiling  wearily  over  the  shifting  sands  of  life,  at  last  has  seen, 
across  the  expanse  of  eternity,  along  the  shores  of  which  he  wan- 
ders, the  first  bright  beams  of  the  light  of  Science,  heralded,  but 
hidden,  through  a  dawn  that  had  lasted  for  centuries ;  and,  as  the 
bright  luminary  that  is  to  guide  him  through  .all  the  future,  has 
arisen,  steadily  and  constantly,  among  the  obscuring,  but  breaking, 
clouds  of  the  dark  ages,  the  mists  have  been  dispelled,  the  clouds 
themselves  have  received  golden  and  silver  linings,  and  the  all- 
pervading  beanrs,  caught  and  reflected,  but  always  advancing, 
have  finally  reached  the  hither  shore,  and  man,  enlightened  and 
strengthened,  with  new  insight  into  a  brightening  life,  himself 
advances,  with  new  courage  and  renewed  hope,  toward  that  future 
which  it  is  the  heaven-directed  Mission  of  Science  to  illumine 
with  the  radiance  of  ever-increasing  knowledge. 


PAPERS   READ. 


The  production  of  optical  surfaces.    B3'  John  A.  Brashear, 
Pittsburg,  Pa. 

It  is  the  purpose  of  tliis  paper  to  describe  briefly  a  new  method 
of  producing  accurate  optical  surfaces,  both  plane  and  curved. 
The  hand  and  machine  methods  of  past  and  present  workers  in 
this  line  of  research  should  not  be  forgotten,  especially  Foucault's 
method  of  local  correction  and  Dr.  Draper's  excellent  modification 
thereof. 

In  order  that  the  new  method  may  be  the  more  clearly  under- 
stood, attention  is  called  to  the  serious  difficulties  met  with  in 
producing  regular  surfaces  with  the  ordiaar}' forms  and  methods 
of  using  local  polishers.  It  is  quite  well  known  that  the  tendency 
of  all  local  retouching  is  to  leave  on  the  surface  of  the  abraded 
material  what  may  be  aptly  called  residual  errors.  This  may  be 
readily  understood  by  the  following  illustration. 

Suppose  in  the  sectional  view.  Fig.  1,  we  wish  to  work  down 
the  high  zone,  a,  in  an  over  corrected  surface.  A  local  polisher 
is  worked  over  the  high  zone,  either  by  hand  or  machine,  of  a  size 
corresponding  with  the  breadth  of  the  zone  and  usually  circular 
in  outline.  The  result  of  this  local  abrasion  is  seen  in  Fig.  2  in 
which  the  zone,  a,  Fig.  1,  is  seen  to  be  broken  down,  but  generally 
the  residual  zones,  b  and  c,  are  left  incompletely  abraded  by  the 
edge  of  the  local  polisher,  which  must  afterwards  be  abraded  by 
a  larger  polisher,  which  may  or  may  not' introduce  new  periodic 
or  systematic  errors.  Dr.  Draper  seems  to  have  overcome  this 
tendency  in  a  great  measure  by  the  use  of  the  machine  described 
in  his  mo'nograph.  After  many  experiments  and  much  careful 
study  of  these  zonal  errors,  I  endeavored  to  eliminate  them  with  a 
machine  constructed  so  as  to  give  an  intricate  motion  to  the  polisher, 
a  motion  that  would  scarcely  return  into  itself  in  many  thou** 
sands  of  strokes.  /  Notwithstanding  the  fact  that  this  machine  pro- 
duced a  number  of  excellent  curves,  it  could  not  be  depended  upon, 
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for  in  spite  of  tlie  intricate  interlacing  of  the  polisher,  zonal  errors 
xrould  creep  in.  After  six  jears  of  labor  I  reluctantly  gave  up  the 
pursuit  in  this  direction.  From  the  fact  that  occasionally  good 
results  were  produced  by  the  machine,  I  was  led  to  a  careful 
study  of  the  forma  of  polishers,  and  after  three  years  of  experimental 
work,  I  ha\e  been  led  to  this  conclnaion :  that,  given  a  proj>erly 
shaped  polisher,  surfaces  of  the  highest  excellence  may  be  pro- 
duced ;  either  by  band  or  machine  work,  and  that  the  simple  ro- 


tary and  reciprocal  motions  are  all  that  are  necessary  to  be  given 
to  the  polishing  tool. 

I  will  now  give  as  briefly  as  possible  the  leading  features  of  the 
method  which  I  have  found  so  sure  and  certain  in  its  results,  by 
which  not  only  zona!  errors  are  overcome,  but  by  which  any  de- 
sired curve  may  be  given  to  the  optical  surface  under  treatment. 
As  it  is  necessary  in  all  optical  work  to  get  the  highest  attainable 
polish,  the  first  polishers  are  made  in  the  ordinary  form,  t.  e.,  with 
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square  or  circalar  facets  equally  distributed  over  the  surface  of 
the  tool,  as  shown  in  Fig.  8.  This  is  done  to  expedite  the  pol- 
ishing. When  the  polish  is  brought  up  to  the  best  (the  best  polish 
is  no  doubt  the  finest  scratching  we  are  able  to  do)  the  glass  is 
allowed  to  come  to  a  normal  temperature,  and  is  then  studied  by 
the  admirable  methods  devised  by  M.  Foucault  for  curved,  and  by 
Steinheil  and  Dr.  C.  S.  Hastings  for  flat  surfaces.  Very  seldom 
are  the  surfaces  found  free  from  defect.  In  order  to  clearly  un- 
derstand the  method  which  I  use  for  the  correction  of  errors  in 
producing  a  regular  curve,  let  us  take  the  former  case  of  Fig.  1, 
where  the  Foucault  test  shows  a  decided  over  correction  or  hyper- 
boloid  of  revolution  on  the  concave  surface.  The  zone  a  is  to  be 
depressed  and  at  the  same  time  new  errors,  especially  zonal  errors, 
are  to  be  avoided.  The  iron  tool,  which  is  of  the  same  diameter 
as  the  surface  to  be  worked,  is  laid  off  into  six  points  diametrically 
opposite  with  the  dividers  set  to  the  radius  of  the  tool ;  as  in  Fig. 
3.  The  tool  is  now  warmed  and  the  pitch  is  spread  over  the  leaf- 
like spaces,  which  are  given  the  proper  curve  by  being  pressed 
down  on  the  (pi^eviously  wetted)  concave  surface.  The  pitch  and 
tool  are  now  cooled  quickly  by  an  abundant  flow  of  water.  In  the 
shaping  of  this  leaflet  lies  the  whole  secret  of  success.  The  zone, 
a,  Fig.  1,  needing  the  greatest  amount  of  abrasion,  the  leaflet  is 
made  widest  at  that  point,  but  in  order  that  no  zonal  errors  may 
be  introduced,  as  in  Fig.  2,  it  is  gently  tapered  in  each  direction, 
the  amount  of  taper  being  somewhat  governed  by  the  amount  of 
lateral  stroke  given  to  the  polisher,  as  well  as  the  amount  of  de« 
parture  of  the  zone  from  the  normal  curve.  Afber  the  proper  shape 
is  given  to  the  correcting  or  figuring  tool,  the  pitch  is  again  slightl}^ 
warmed,  pressed  on  the  wetted  surface,  laid  aside  for  an  hour  or  so, 
and  the  work  of  correcting  or  figuring  is  then  begun.  When  the 
polisher  has  worked  long  enough  to  transfer  its  own  peculiarities 
to  the  surface  under  treatment,  the  glass  is  allowed  to  come  to  a 
normal  temperature  and  again  tested.  If  any  change  in  the  shape 
of  the  leaflets  is  needed,  an  inspection  of  the  surface  will  indicate 
the  character  of  the  change  required. 

Cooper  Key  many  years  ago  graduated  the  square  facets  of  his 
polisher.  Elliptical,  ring  and  other  forms  of  polishers  have  been 
tried  from  time  to  time  with  varying  success,  and  I  have  myself 
tried  many  forms,  but  with  none  have  I  had  such  uniform  success 
as  with  the  form  which  I  have  Just  described.  It  has  all  the  ad- 
A.  A.  A.  s.,  VOL.  xxxni.  17 
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vantages  of  a  local  polisher  without  its  defects,  and  as  these 
leaflets  can  be  so  readily  shaped,  and  so  easily  manipulated,  we 
have  a  ready  means  of  giving  any  desired  form  to  the  optical  sur- 
face  we  are  manipulating.  Figs.  4,  5  and  6  show  the  various  forms 
of  these  polishers  which  are  designed  to  coiTect  different  forms  of 
errors.  Fig.  7  shows  a  polishing  or  figuring  tool  which  will  give 
fine  results,  when  time  is  not  an  element  in  the  work.  Such  a 
polisher  would  break  down  almost  any  form  of  irregular  surface, 
and  give  a  regiUar  curve,  the  kind  of  curve — oblate  spheroid, 
spherical,  elliptical,  paraboloid  or  hyperboloid,  depending  on  the 
length  of  lateral  motion  given  to  the  polisher ;  indeed  almost  any 
idiosyncrasy  which  a  curve  may  present  can  be  successfully  treated 
with  a  slight  modification  of  this  form  of  polisher. 

Flat  surfaces  may  also  be  treated  by  modifications  of  the  same 
general  form  of  tool,  and  overworking  the  edge  zone,  so  difiteult 
to  avoid  in  hand  polishing,  can  be  readily  and  easily  overcome. 

It  is  beyond  the  limits  of  this  paper  to  discuss  the  various  diffi- 
culties which  the  practical  optician  has  to  deal  with  besides  those 
noted ;  but  I  would  mention  one  thing  that  seems  to  be  an  insur- 
mountable  barrier  to  the  production  of  an  ideal  optical  surface, 
in  the  lack  of  homogeneousness  in  material.  It  is  a  fact  well 
known  to  every  one  who  has  to  deal  witfi  minute  measurements  that 
no  two  pieces  of  glass,  speculum  metal  or  other  optical  material 
made  by  artificial  means  are  ever  absolutely  homogeneous  when 
they  come  into  the  hands  of  the  optician ;  hence  every  piece  of 
material  must  have  its  special  study,  and  in  many  cases  idiosyn- 
erasies  present  themselves  which  say  ^^Thus  far  shalt  thou  come, 
but  no  farther."  If,  in  this  brief  paper,  I  have  said  anything  that 
will  add  to  the  interest  of  this  study,  intimately  associated  with 
the  names  of  Newton,  Herschel,  Boss,  Lassell,  Foucault,  Nas- 
myth,  Dr.  Draper  and  many  eminent  opticians  of  to-day,  I  shall 
ieel  more  than  repaid  for  my  work* 


The  Giant's  causeway  and  Portbush  electric  tramway 
(Ireland).  By  William  A.  Traill,  C.  £.,  Fortrush,  Co. 
Antrim,  Ireland. 

[ABSTRACT.^] 

This  road  has  a  finished  length  of  seven  miles  and  a  gauge  of 
three   feet.    It  follows  the  turnpike  whtch  skirts  the  cliffs  over- 

1  Abiti-act  made  fh>m  the  AiU  paper  by  J.  Burkitt  Webb^  Secretary  of  Uie  Section. 
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looking  the  sea,  and  is  bailt  apon  a  sort  of  sidewalk  raised  a  few 
inciies  above  the  road  and  separated  from  it  by  a  curbstone. 
Forty-two  lb.  Bessemer  steel  flanged  rails  are  used  for  the  most  of 
the  line  and  answer  also  for  the  return  conductor,  the  main  con- 
ductor being  a  19-lb.  T  rail  placed  at  the  side  of  the  road  about  18 
in.  above  the  ground.  The  alignment  is  an  unfavorable  one,  hav- 
ing curves  with  a  minimum  radius  of  42  feet  and  grades  of  1  in  50 
and  even  1  in  25,  and  some  of  the  worst  curves  are  on  heavy 
grades.  The  road  rises  in  places  to  185  feet  above  the  sea.  At 
present  the  cars  stop  at  Bushmills,  two  miles  short  of  the  Causeway 
and  six  miles  from  the  town  of  Portrush.  A  single  track  id  used, 
with  passing  places  about  a  mile  apart,  and  these  are  always  on 
inclines,  so  that  one  car  is  run  by  gravity  while  passing  the  other. 
The  current  is  taken  from  the  three-inch-broad  top  of  the  T  rail 
by  springs,  which  rub  along  on  it,  and  as  there  are  numerous 
openings,  generally  10  ft.  wide,  in  this  rail,  to  allow  the  turnpike 
travel  to  pass,  each  car  has  two  springs  far  enough  apart  to  reach 
across  such  openings.  The  cars  are  run  by  Di  or  D2  Siemens  mo- 
tors, running  respectively,  850  and  1200  revolutions  per  minute, 
and  these  speeds  ai*e  reduced  by  cog  wheels  and  chain  gearing 
connected  with  the  car  axles ;  an  average  speed  of  about  twelve 
miles  an  hour  is  attained,  and  a  second  car  is  generally  drawn  be- 
hind the  electric  car.  The  electricity  is  generated  on  the  Bush 
river,  three-quarters  of  a  mile  from  Bushmills,  and  is  carried  the 
whole  length  of  the  line  with  but  a  slight  loss.  Two  American 
turbines  (Alcott's)  of  50  H.  P.  each  are  used,  one  of  them,  with 
its  gates  half  to  three-quarters  open,  being  sufficient  for  ordinary 
traffic.  The  dynamo  used  is  a  SIVo  Siemens  ^^  compound  wound  " 
weighing  85  cwt.,  and  furnishing  a  current  up  to  100  amperes  with 
a  maximum  potential  of  250  volts.  This  maximum  potential  is 
fixed  by  law  so  that  no  dangerous  shock  can  be  received  by  con- 
tact with  the  rails. 

The  road  was  opened  in  the  fall  of  1888,  and  has  been  in  suc- 
cessful operation  since  that  time ;  thus  the  Lichterfelde  and  the 
Charlottenburg  railways,  respectively  one  and  a  quarter  and  one 
and  three-quarter  miles  long,  constructed  by  Siemens  Bros,  in 
Berlin,  antedate  this  railway  by  a  year  or  two.  In  the  first  of 
these  the  two  rails  are  used  for  the  direct  and  return  current,  with 
much  leakage  of  current ;  in  the  second,  two  conductors  are  car- 
ried along  the  road  on  telegraph  poles  fh)m  which  connection  is 
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made  to  the  car  by  a  flexible  running  conductor.  The  greatest 
difficulty  experienced  so  far  has  been  in  the  attempt  to  regulate 
the  flow  of  water  to  the  wheel  by  an  automatic  governor,  the 
trouble  being  that  the  stoppage  of  a  car  throws  off  instantly  80  to 
85  per  cent  of  the  work  from  the  turbine,  so  that  an  immediate 
corresponding  decrease  of  the  water  supply  must  be  made ;  on  the 
contrary,  in  starting  the  car  the  water  must  be  turned  on  again 
gradually.  When  it  is  added  that  Sir  Wm.  Thompson  now  oc- 
cupies a  position  in  the  board  of  managers  in  place  of  the  late  Sir 
William  Siemens,  it  will  be  seen  that  the  electrical  arrangements 
of  this  road  are  and  have  been  in  the  best  of  hands.  The  follow- 
ing details  may  be  of  interest.  Two  loaded  cars  upon  the  worst 
gradient  require  a  current  of  60  amperes,  the  maximum  potential 
being  250  volts.  The  resistance  of  conductors  from  the  genera- 
ting station  to  Fortrush  and  back  is  less  than  2  ohms,  while  the 
resistance  of  the  insulation  (^'  insulite")  of  the  conductors  varies 
ftom  500  to  1000  ohms,  according  to  the  weather.  The  total  leak- 
age along  the  line  may  be  as  much  as  2.5  amperes,  or  f  H.  P. 

In  eight  months  after  the  opening,  18000  ^^electric-car  miles" 
were  run,  the  daily  run  in  summer  being  100  car  miles  with  600  to 
800  passengers.  For  nearly  a  year  previous  to  Nov.,  1883,  steam 
cars  were  used  on  the  line  so  that  a  reliable  comparison  between 
the  cost  of  running  by  electricity  and  by  steam  can  be  made.  The 
cost  of  running  by  steam,  including  the  wages  of  attendants,  coke, 
oil,  etc.,  was  ten  cents  per  mile  run,  while  with  electricity  this  was 
reduced  to  less  than  four,  and  with  such  additional  traffic  aa 
could  easily  be  accommodated  with  the  existing  plant  it  would  not 
be  over  two  and  one-half  cents.  Experience  also  warrants  the 
prediction  thaf  on  a  more  favorably  circumstanced  tramway,  with 
a  service  of  single  cars,  running  at  short  intervals,  the  working 
expenses  might  be  reduced  to  ^  d  (one  cent)  per  mile  i*un,  and 
that  even  though  the  electricity  should  have  to  be  generated  by 
steam  power."  It  would  seem  from  an  Inspection  of  the  detailed 
expenses  of  running,  that,  owing  to  the  higher  wages  paid  here, 
the  comparison,  while  leaving  a  large  margin  in  favor  of  electric- 
ity, would  not  be  so  overwhelmingly  against  steam  except  in  local- 
ities where  abundant  water  power  is  available. 

The  cost  of  the  line  has  been  $150,000,  as  follows :  <<  parlia- 
mentary law,  engineering  and  preliminary,  $15,000 ;  construction 
of  six  miles  of  tramway,  one  mile  of  branch  and  sidings,  buildings^ 
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carriage  and  engine  sheds,  $80,000 ;.  water-power  generating  sta- 
tion turbines,  electric  conductors  and  cables,  $22,500 ;  electric 
plant,  generating  dynamos  and  motors,  $10,000;  rolling  stock; 
two  tramway  engines,  nine  tramway  cars,  fourteen  wagons  and 
mineral  trucks,  $22,500."  The  road  is  understood  now  to  be  not 
only  in  successful  and  continuous  working,  but  in  a  paying  con- 
dition, which  recommends  it  to  the  careful  study  of  those  inter- 
ested in  such  matters  in  the  United  States. 


Electric  tbamwats.    By  M.  Holrotd  Smith,  Fern  Hill,  Hali- 
fax, England.^ 

[▲B8TBACT.] 

To  demonstrate  the  practicability  of  Mr.  Smith's  system  of 
electric  tramways  an  experimental  line  has  been  laid  in  a  field 
near  the  works  of  Messrs.  Smith,  Baker  &  Co.,  Manchester,  Eng- 
land. The  track  is  110  yards  long  and  4'  S^"  gauge ;  it  is  essen- 
tially level  and  the  car  is  driven  by  the  traction  of  the  ordinary 
wheels,  but  it  contains  some  sharp  curves.  On  the  latter  account 
one  wheel  on  each  axle  is  loose  and  the  power  is  distributed  be- 
tween the  two  wheels  on  the  axle  by  differential  bevel  gears,  so 
that  both  wheels  drive  equally  well  on  curves  and  straight  line. 
The  movable  bevel  gear  in  this  arrangement  is  driven  by  a  steel 
chain  from  a  Siemens  motor  and  the  current  is  brought  up  from  an 
underground  conduit,  which  forms  the  main  feature  of  the  line. 
This  conduit  is  constructed  in  much  the  same  manner  as  a  cable 
line,  with  a  copper  conductor  in  place  of  the  cable.  This  copper 
conductor  is  double  and  consists  of  two  half  tubes, — as  if  a  tube 
had  been  cut  in  two  lengthwise  and  vertically  and  the  two  halves 
separated  somewhat  from  each  other.  In  this  tube,  then,  a  shoe 
slides,  being  connected  both  electrically  and  by  leather  straps  with 
the  car,  the  leather  straps  breaking  should  the  shoe  be  accidentally 
obstructed,  as  by  pebbles  jammed  in  the  groove.  The  rubbing  part 
of  the  shoe,  or  shuttle,  consists  of  spirally-grooved  rollers,  whose 
axis  is  that  of  the  tube,  and  whose  slow  revolution,  caused  by 
friction,  keeps  the  tube  cleaned  out  perfectly.    The  rails  answer 

1  Mr.  Smith  not  beiog  present  the  paper  was  read  by  Mr.  Preece.  Abstract  by  the 
Secretary. 
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for  the  return  current.  This  method  of  supplying  the  electrical 
cutTent  to  the  cars  is  so  successful,  and  the  conductor  is  so  well 
protected  in  the  underground  channel,  that  after  a  week's  rain  the 
leakage,  if  any,  was  so  smali  that  the  improved  contact  of  the 
moist  shoe  prevented  any  difference  from  showing  in  the  speed  of 
the  cars. 

(It  would  seem  that  this  system  would  be  specially  fitted  to  re- 
place the  cable  system  so  soon  as  a  sufficient  economy  of  power 
can  be  shown  in  its  favor.) 


Abe  the  advantages  of  a  trip  gear  worth  rrs  greater  cost 
THAN  excentrics?  By  Arthur  Rigg,  President  of  the 
Society  of  Engineers,  London,  England. 

[ABSTRACT.] 

This  paper  discusses  the  construction  of  *'  trip-gear"  regulated 
engines,  as  compared  with  the  action  of  double  excentrics.  Its 
conclusions  are  based  upon  the  idea  that  the  use  of  such  gear 
limits  the  revolutions  of  an  engine  to  a  rate  considerably  below 
that  of  any  other  parts  of  its  construction.  Therefore  the  first 
cost  of  such  engines  is  rendered  excessive.  It  is  then  pointed  out 
that  two  excentrics  can  cut  off  steam  through  any  desired  range 
with  a  speed  sufficiently  great  for  all  practical  pui*poses,  and  the 
author  concludes  that  any  arrangement  of  valves  now  worked  by 
trip-gear  could  be  equally  well  driven  by  double  excentrics  with 
the  advantage  that  the  number  of  revolutions  and  power  of  such 
engines  might  be  considerably  increased. 


The  strength  of  cast  iron.  By  W.  J.  Millar,  C.  E.,  Secre- 
tary Institute  of  Engineers  and  Shipbuilders,  Glasgow, 
Scotland. 

[abstract.] 
(1)     Object  of  paper : — Results  of  tests  of  strength  of  cast  iron 
(made  in  Glasgow)  • 
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(2)  References  to-former  experiments  by  the  author.  These 
summarized  are : — 

(3)  The  test  bars  used  were  ^0"  long,  2"  deep  and  1"  broad. 
Span  36'^  loaded  at  centre. 

(a)  Deflection  varied  fairly  with  load. 

(b)  The  "set"  decreased  with  successive  applications  of  the 
same  load  and  even  for  increased  loads ; — ultimately  disappearing. 

(c)  The  fracture  when  at  centre  of  span  was  straight;  when  at 
points  more  or  less  removed  from  centre  it  was  curved. 

(4)  Recent  Experiments.  Influence  of  vibratory  action  on  bars 
and  tensile  links,  from  which  the  author  finds  that  bars  and  links 
may  be  broken  by  striking  with  light  and  continuous  blows,  even 
although  the  load  at  the  time  may  be  considerably  below  the  ulti- 
mate load,  the  deflection  and  extension  increasing  with  each  blow. 

(5)  The  average  transverse  strength  of  30  bars  was  found  to 
be  3476  lbs.,  deflection  .390  inch.  The  tensile  strength  of  15  links 
of  same  metal  was  found  to  be  11  tons,  11  cwt. 

(6)  Equations  derived  are  as  follows:  T  =  ^^^XW  = 
gx    Xbd«  ^jjgj.Q  "p «« tenacity  in  tons  sq.  in. ;  W  =  ultimate  load 

in  cwt.  at  centre  of  bar ;  S  =  span  in  feet,  b  and  d  being  breadth 
and  depth  in  inches. 

(7)  Bars  and  links  cut  out  of  casting  give  much  lower  results 
than  bars  and  links  cast  separately,  say  30  per  cent  less. 


A    HODB    OF    HEATING   FBOH  A  CENTRAL    SOURCE.      By    Sir    FRED- 
ERICK Bramwell,  F.R.S.,  y.  p.  Inst.  C.  E. 

Labstraot.I 
A  DESCRIPTION  of  the  method  of  warming  employed  in  the 
Third  Middlesex  County  Lunatic  Asylum,  Banstead,  England, 
where  the  circulation  of  warm  water  is  produced  by  centrifugal 
pumps  which  maintain  parallel  mains  in  a  relatively  plus  and 
minus  condition. 
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Flood  reoulatob.     By  Jamss  Dillok,  C.  E.,  Glengeaiy,  Co. 
Dublin,  Ireland. 

[ABSTRACT.] 

Tms  flood  r^^lator  is  used  for  two  purposes :  to  reduce  the 
cost  of  river  excavations  or  conservance  works  by  reducing  the 
volume  of  flood  sent  down  a  river  in  a  given  time,  and  for  pre- 
serving for  dry  seasons  some  of  the  waters  now  allowed  to  pass  to 
the  sea  in  wet  seasons  unused. 

The  author  has  effected  this  in  places  where  large  natural  lakes 
are  found  to  exist  at  the  head  of  a  river  system  proposed  to  be  im- 
proved, by  increasing  the  natural  range  of  the  lakes  one,  two  or  more 
times  more  than  their  ancient  range  between  high  and  low  water  by 
deepening  the  river  channels  into  them ;  of  course  this  operation 
would  in  itself  increase  instead  of  diminish  the  flood  discharge. 

To  prevent  this  increase,  he  constructs  large  self-acting  sluices 
on  down-stream  side  of  lake,  kept  open  in  dry  seasons,  having 
their  sills  to  correspond  with  the  new  low  water  level  of  the  lakes. 
On  the  floods  entering  the  lakes  they  escape  through  these  sluices, 
and  by  the  time  the  maximum  discharge  is  reached  the  sluices  are 
closed,  gradually,  by  the  action  of  iron  floats  rising  with  the 
flood  surface  of  the  lake ;  then  by  the  time  the  sluices  are  com- 
pletely closed  the  maximum  calculated  flood  discharge  is  found  to 
be  passing  through  the  permanent  boat  or  ship-pass  at  all  times 
kept  open  at  one  side  of  the  weir  for  the  preservation  of  water- 
supply  to  lower  countries,  for  navigation,  fishing  and  other  rights. 

This  maximum  flood  discharge,  however,  cannot  be  reached 
through  this  ship-pass  until  the  lake  is  made  to  withdraw  from  the 
ancient  maximum  floods  the  increased  flood  volume  required  for 
dry  seasons,  and  by  operating  on  the  regulating  screws  attached 
to  the  sluices,  ordinaiy  floods  can  be  reduced  or  increased  with  the 
greatest  nicety,  etc. 


Automatic  souhdeb.    By  Jakes  Dillon,  C.  E.,  Stratford  House, 
Glengeary,  Co.  Dublin,  Ireland. 

[ABSTRACT.] 

This  instrument  has  been  successfully  used  for  some  time  by 
the  author  for  preparing  soundings  of  lakes,  harbors,  estuaries, 
rivers,  for  chart  and  sections,  etc. 
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The  instrument  consists  of  wire,  bars,  or  tubes  of  metal  or 
other  substances,  of  suitable  lengths,  made  to  hang  freely  and 
vertically  from  the  center  of  a  dial  (on  which  are  marked  feet  or 
fathoms)  fixed  to  side  of  a  boat,  steamer  or  other  vessel. 

On  moving  the  boat,  etc.,  over  a  shoal  or  other  obstruction 
under  the  water,  this  bar  which  hangs  vertically  and  points  to  its 
maximum  length  on  the  dial  will  strike  the  shoal  at  its  maximum 
length  of  ten,  or  fifty  or  more  feet,  and  will  be  raised  ten  or  more 
feet  toward  the  surface  of  the  water  pointing  to  this  same  number 
of  feet  or  fathoms  on  the  dial  and  should  the  shoal  reach  top  of 
water  so  will  the  sounding  bar,  while  the  dial  end  of  this  bar 
points  to  zero  on  the  dial. 

The  vibrations  of  the  bar  difi(Br  in  degree  when  passing  over 
mud,  gravel,  rock,  etc.,  thus  recording  the  same. 


Experiments  on  belting.     By  Prof.  Gaetano  Lanza,  Mass. 
Institute  of  Technology,  Boston,  Mass. 

tABSTRACr.] 

It  has  been  customary  to  determine  the  coeflScient  of  friction 
for  belting  by  hanging  a  piece  of  the  belt  to  be  tested  over  a  fixed 
pulley  and  suspending  various  weights,  Ti  and  Tg,  from  its  exti*em- 
ities,  the  weight  T^  being  in  each  case  just  enough  greater  than  T2 
to  cause  the  belt  to  slip  on  the  pulley.  From  these  values  of  Ti 
and  Tj  the  coefficient  of  friction  may  be  calculated  by  the  formula 
(adapted  from  Bankin's  Applied  Mechanics,  page  351) 


/.  _  hyp,  log.  Ti  —  hyp,  log.  T, 
J — . 


If  we  compare  the  results  thus  obtained  by  General  Morin, 
Henry  B.  Towne,  Edward  Sawyer  and  others  we  shall  find  that 
they  differ  widely  from  each  other. 

General  Morin's  results  are : — 

New  belting  on  smooth  cast  iron,  dry,  .284 ;  wet,  377.  Belting 
on  rough  cast  iron,  new,  281 ;  old,  279.    Mr.  Towne  gives  an  av- 
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tests  lasted  usually  about  100  minutes,  with  indicator^  cards  from 
both  ends  of  the  cylinder,  and  readings  of  the  number  of  revolu- 
tions, boiler  pressure,  and  weight  of  condensed  water  every  5  m. 


No.  of  experiment 

1 

2 

8 

4 

5 

7 

8 

9 

10 

11 

Bevolutions  per  min.. 

68.8 

66.0 

67.1 

68.8 

68.6 

02.9 

62.9 

62.4 

68.8 

65.1 

84.0 

Boiler  pressure 

71.1 

71.9 

78.6 

70.6 

56.8 

54.7 

72.2 

74.2 

76.1 

75.8 

73.0 

Horse  power 

2.44 

8.17 

8.60 

18.27 

1.78 

10.89 

8.87 

12.06 

6.02 

15.87 

4.45 

Cut>off  in  per  ot  stroke 

1.0 

10.1 

9.6 

28.7 

1.5 

87.0 

35.2 

41.5 

18.2 

40.4 

8.0 

Fds.  water  per  horse 

power  per  hour.... 

112.9 

61.8 

45.7 

41.2 

149.8 

60.0 

63.3 

53.5 

57.0 

89.0 

63.1 

Per  c*t  steam  at  C.  0.. 

16.7 

82.6 

35.5 

47.7 

17.0 

50.6 

63.9 

66.2 

40.2 

59.8 

23.1 

Per  c*t  steam  at  release 

66.9 

68.6 

65.8 

65.2 

67.7 

57.6 

80.1 

78.9 

70.8 

68.4 

55.0 

Per  o*t  reSvaporation. 

60.2 

81.1 

29.8 

17.5 

60.7 

7.0 

16.2 

19.7 

80.6 

8.6 

81.0 

Back  pressure... 

22.2 

16.8 

Initial  cyl.  pressure.... 

50.4 

64.9 

In  experiments  1  to  4  the  cut-off  was  varied  ;  5  and  6  show  a 
lower  boiler  pressure ;  7  and  8  a  large  back  pressure ;  9  and  10 
were  made  with  a  throttling  governor ;  and  1 1  was  made  at  about 
half  normal  speed.  The  horse  power  and  point  of  cut-off  were  ob- 
tained from  the  indicator  cards.  The  percentages  of  steam  at  cut- 
off and  release  were  obtained  by  calculating,  from  the  cards,  the 
weights  of  steam  in  the  cylinder  at  those  points,  and  dividing  it 
by  the  weighed  amount  of  water  used  per  stroke  plus  the  weight, 
obtained  from  the  cards,  of  steam  in  the  cylinder  during  compres- 
sion. The  difference  of  these  two  percentages  is  the  per  cent  of 
reevaporation. 

The  most  noticeable  feature  of  the  tests  is  the  large  quantity  of 
water  per  H.P.  per  hour,  and  the  excessive  reevaporation  due  to 
short  cut-off.  Various  other  points  will  appear  upon  a  careful 
comparison  of  the  data. 

Three  tests  were  made  with  a  Porter- Allen  engine,  but  the  data 
obtained  indicate  nothing  worthy  of  remark. 
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The  following  experiments  were  made  by  Mr.  Purlnton  to  de- 
termine the  actual  speed  of  slip  of  a  10  in*  doable  belt,  which 
transmits  power  (advantageoasly  up  to  about  16  H.P.)  Arom  the 
fly-wheel  of  a  Harris-Corliss  engine. 


BFBBD8  DT  FEKT  FBR  MDTUTB, 
VLT  WHBBLKDC.          SUP. 

FBR  CBMT  OF 
SUP 

INDICATED. 
H.  F. 

WBATHBX. 

1467 
1404 
1479 
1503 

18^ 
18.10 
84.98 
98.09 

0.94 
0.88 
9.87 
1.56 

i9.n 

15.58 
90.97 
90.07 

ItolatlTetaamldUy,  .47. 
ItoUtlTO  htttnldity,  .46. 
Cloudy  ftnd  damp. 
Bright  and  lonny. 

From  these  experiments  it  would  seem  that  Mr.  Towne's  coefll- 
cient  is  too  large,  and  although  we  have  not  experimented  with 
speeds  between  13  and  80  ft.  (our  speed  being  nearer  2  ft.  per.  m.) 
the  coefficients  determined  must  be  nearer  the  truth  than  those  ob* 
tained  with  200  ft.  of  slip  per  minute. 

The  experiments  will  be  continued  and  we  hope  eventually  to  be 
able  to  formulate :  I.  The  maximum  power,  which  a  given  belt 
running  at  any  given  speed  will  carry.  II.  The  amount  of  slip  of 
the  belt  when  running  at  a  given  speed  and  transmitting  a  certain 
amount  of  power. 


Steam  xnoike  tssts.    By  Prof.  C.  H.  Pcabodt,  Boston,  Mass. 

[ABSTBACr.J 

In  the  winter  of  1883-4  a  number  of  experiments  were  ma^le  by 
the  fourth  year  class  in  the  mechanical  laboratory  of  the  Massa* 
chuseits  Institute  ef  Technology,  the  results  of  which  are  here 
given.  They  were  made  mostly  on  an  ^'  X  24"  Harris-Corliss 
engine  running  with  a  normal  speed  of  60  revolutions  per  minute, 
the  power  being  absorbed  by  a  friction  brake,  and  the  steam  l^eing 
condensed  in  a  surface  condenser  at  atmospheric  pressure  and  af- 
terwards weighed.  A  fairly  uniform  hack  pressure  was  prorlucerl, 
when  required,  by  throttling  at  a  distance  from  the  engine.    The 


270  SECTION  B. 

put  the  price  equal  to  gas  at  $1.69  the  company  would  earn  20 
per  cent,  additional,  making  its  profit  in  all  80  per  cent. 

A  further  and  most  important  saving  can  be  made  by  heating 
the  buildings  by  means  of  the  exhaust  steam  from  the  engines, 
so  that  in  winter  but  a  part  of  the  whole  expense  could  be  charge- 
able to  the  electric  lighting,  $8000  to  $9000  might  thus  be  saved, 
bringing  down  the  cost  to  that  of  gas  at  $1.48  while  affording 
seven  per  cent  additional  profit.  The  largest  item  of  cost  is  lamp- 
renewals  and  we  may  be  reasonably  confident  that  the  average  life 
of  lamps  will  be  greatly  increased  and  that  their  cost  will  be 
much  reduced.  There  seems  to  be  therefore  no  reason  why  the 
electric  light  for  domestic  purposes  should  not  at  once  be  a  paying 
investment,  as  it  is  known  to  be  in  numerous  cases  where  isolated 
plants  have  been  introduced  in  manufactories,  and  other  places  of 
business. 


Training  for  mechanical  engineers^.    By  Prof.  Geo.  I.  Alden, 
Worcester  Free  Institute,  Worcester,  Mass. 

[ABSTRACT*.] 

Progress  in  education  is  secured  by  the  aid  of  forces  outside 
and  above  the  schools.  When  a  few  have  made  discoveries  in 
science  or  advancement  in  art  or  in  engineering  they  have  set  a 
standard  which  must  thereafter  be  the  aim  of  educators.  Mechani- 
cal engineering  as  taught  in  schools  is  subject  to  the  general  law 
of  progress.  While  it  is  taking  a  high  rank  as  a  liberal  profession 
and  offei*s  a  broad  field  for  the  activity  of  the  best  powers  of  young 
men  who  enter  it,  yet  it  must  look  for  progress  to  two  main  forces, 

iThis  paper  was  presented  In  response  to  the  annonncement  of  the  Seoretarjr,  that 
one  or  more  sessions  wonld  be  devoted  to  the  discussion  of  the  '^Best  methods  of  teach- 
ing meclianical  engineering."  Owing  to  a  variety  of  untoward  circumstances,  other 
expected  papers  did  not  come  to  hand  in  time,  but  an  exceedingly  lively  and  interesting 
discussion  was  aroused.  This  was  participated  in  by  a  numl>er  of  prominent  mechani- 
cal engineers  and  teachers  and  other  scientists,  and  it  was  unanimously  decided  that 
the  discussion  must  be  continued.  The  following  gentlemen  were  accordingly  ap- 
pointed a  committee  to  secure  the  active  cooperation  of  lending  men  in  a  fhller  pre- 
sentation and  discussion  of  the  subject  at  the  next  meeting :  J.  Burkitt  Webb  of 
Cornell  University,  Ithaea,  N.  T.,  Geo.  I.  Alden  of  Worcester  Free  Institute,  Dr.  C.  M. 
Woodward  of  Washington  University  and  A.  Beardsiey  of  Swarthmore  College. 

*  Printed  in  taU  in  the  American  Engineer,  Oct.  8  and  10, 1884. 
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ECONOHT  OF  THE  ELECTRIC  LIGHT.      By  AlLAN   STIRLING,   N.   Y. 

City. 

The  combustion  of  carbon  is  the  source  of  the  light  with  both 
gas  and  electrical  lighting,  but  a  marked  difference  occurs  from 
the  fact  that  in  the  former  case  the  carbon  must  be  carried  to  the 
point  where  the  light  is  needed,  while  in  the  latter  it  is  burned 
under  a  steam  boiler  at  any  suitable  place,  and  only  the  resulting 
energy  in  shape  of  electricity,  need  be  carried  to  the  lamp. 

To  compare  the  two  systems  assume  ten  blocks  of  houses 
requiring  in  all  12,000  seventeen  candle  power  lights;  suppose 
that  in  summer  one-third  of  these  will  be  used  three  hours  per 
night,  and  in  winter  two-thirds  for  four  hours.  The  cost  of  gas 
in  N.  Y.  city  for  these  lights  will  be  at  the  rate  of  five  feet  per 
burner  and  $2.25  per  thousand  feet — $24,600  for  the  summer  half, 
and  $65,700  for  the  winter  half  of  the  year ;  total  $90,300. 

The  items  of  the  cosb  of  electric  lighting  are ;  coal  and  water 
for  boilers,  attendance,  lamps,  miscellaneous  supplies,  repairs  and 
depreciation,  interest.  At  the  rate  of  one  horse-power  for  every 
eight  lights,  and  three  pounds  of  coal  hourly  per  horse-power,  with 
coal  delivered  at  $5  per  long  ton,  the  yearly  coal  bill  will  be  $6750. 

For  water  $457  will  be  needed,  supposing  27  lbs.  needed  per 
horse-power,  at  18^  cents  per  1000  gallons.  With  lamps  costing 
90  cents  each  and  lasting  600  hours  the  cost  of  renewals  would 
be  $12,000.  For  miscellaneous  supplies  $750  maybe  allowed.  By 
properly  directing  and  economizing  the  labor  of  the  attendants 
the  work  may  be  done  by  one  engineer  and  one  or  two  firemen,  so 
that,  at  $4  and  $2.50  respectively,  we  shall  need  $2800  for  at- 
tendance. 

The  plant  will  cost  say  $15,000  for  ground  and  buildings, 
$50,000  for  engines  and  boilers  and  $40,000  for  dynamos,  and  the 
cost  of  wiring  and  fixtures  may  be  omitted  to  balance  the  cost  of 
pipes  and  fixtures  for  gas.  For  repairs  and  depreciation  on  this 
plant  we  will  allow  $10,500,  with  a  like  amount  for  interest.  The 
total  yearly  amount  will  therefore  be  $48,800,  giving  a  difference 
in  favor  of  electricity  of  $46,500,  and  showing  that  the  latter  can 
be  furnished  at  less  than  half  the  present  price  of  gas  or  as  cheap 
as  it  would  be  at  $1.12  per  thousand ;  or,  supposing  we  divide  the 
saving  between  the  electric  light  company  and  its  customers  and 
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put  the  price  equal  to  gas  at  $1.69  the  company  would  earn  20 
per  cent,  additional,  making  its  profit  in  all  80  per  cent. 

A  further  and  most  impoi1;ant  saving  can  be  made  by  heating 
the  buildings  by  means  of  the  exhaust  steam  from  the  engines, 
so  that  in  winter  but  a  part  of  the  whole  expense  could  be  charge- 
able to  the  electric  lighting,  $8000  to  $9000  might  thus  be  saved, 
bringing  down  the  cost  to  that  of  gas  at  $1.48  while  affording 
seven  per  cent  additional  profit.  The  largest  item  of  cost  is  lamp- 
renewals  and  we  may  be  reasonably  confident  that  the  averi^e  life 
of  lamps  will  be  greatly  increased  and  that  their  cost  will  be 
much  reduced.  There  seems  to  be  therefore  no  reason  why  the 
electric  light  for  domestic  purposes  should  not  at  once  be  a  paying 
investment,  as  it  is  known  to  be  in  numerous  cases  where  isolated 
plants  have  been  introduced  in  manufactories,  and  other  places  of 
business. 


Training  for  mechanical  enoinkers^    By  Prof.  Geo.  I.  Aldbn, 
Worcester  Free  Institute,  Woi*cester,  Mass. 

[ABSTRACT*.] 

Progress  in  education  is  secured  by  the  aid  of  forces  outside 
and  above  the  schools.  When  a  few  have  made  discoveries  in 
science  or  advancement  in  art  or  in  engineering  they  have  set  a 
standard  which  must  thereafter  be  the  aim  of  educators.  Mechani- 
cal engineering  as  taught  in  schools  is  subject  to  the  general  law 
of  progress.  While  it  is  taking  a  high  rank  as  a  liberal  profession 
and  offers  a  broad  field  for  the  activity  of  the  best  powers  of  young 
men  who  enter  it,  yet  it  must  look  for  progress  to  two  main  forces, 

>ThIs  i;>aper  was  presented  In  response  to  the  annonnoement  of  tbe  Seoretaiy,  that 
one  or  more  sessions  wonld  be  devoted  to  the  dlBcnsslon  of  the  *'Best  methods  of  teach- 
ing mechanical  engineering.**  Owing  to  a  variety  of  untoward  circumstances,  other 
expected  papers  did  not  come  to  hand  in  time,  but  an  exceedingly  lively  and  interesting 
discussion  was  aroused.  This  was  participated  in  by  a  number  of  prominent  mechani- 
cal engineers  and  teachers  and  other  scientists,  and  It  was  unanimously  decided  that 
the  discussion  must  be  continued.  The  following  gentlemen  were  accordingly  ap- 
pointed a  committee  to  secure  the  active  cooperation  of  lending  men  in  a  fhller  pre- 
sentation and  discussion  of  the  subject  at  the  next  meeting :  J.  Burkltt  Webb  of 
Cornell  University,  Ithaca,  N.  Y.,  Geo.  I.  Alden  of  Worcester  Free  Institute,  Dr.  0.  M. 
Woodward  of  Washington  University  and  A.  Beardsley  of  Swarthmore  College. 

*  Printed  in  ftill  In  the  American  Engineer,  Oct.  8  and  10, 1884. 
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viz.,  the  inflaenceof  the  acientific  attainments  and  practical  achieve- 
ments of  those  foremost  in  engineering  science  and  practice.  A 
school  for  training  mechanical  engineers  is  properly  a  professional 
school,  and  should  hold  np  its  standard  of  professional  training, 
in  order  that  it  may  demand  in  candidates  saitable  preparatory, 
general  training  for  matriculation.  It  should  aim  to  fit  yonug 
men  for  immediate  nseftilness  in  the  profession,  and  to  lay  the 
sure  foundations  for  a  growth  which  shall  enable  them  to  take  up 
the  unfinished  work  of  the  engineers  of  this  generation  and  carry 
it  forward  into  the  next  century  of  progr^.  To  aim  at  practical 
achieyements  is  not  enough ;  for  the  man  is  more  than  his  profession. 
Scientific  attainments  are  not  alone  sufilcient.  The  ability  to  ap- 
ply knowledge  to  practical  ends  is  valuable  in  discipline  as  well 
as  necessary  to  professional  success.  The  necessary  scientific 
attainments  are  more  than  mere  knowledge  of  facts  and  principles. 
The  evidence  of  such  attainments  is  the  ability —  within  a  sufiScient- 
ly  wide  range  of  inquiry — ^to  give  accurate  answers  to  definite 
questions.  To  secure  this  ability  the  usual  studies  in  the  curricu- 
lum of  the  schools  should  be  thoroughly  taught  by  direct  methods, 
with  the  aid  of  numerous  and  well  selected  problems,  and  labora- 
tory work.  The  problems  4iould  be,  as  far  as  possible,  actual 
engineering  problems  that  the  student  may  secure  that  complete 
assimilation  and  personal  appropriation  of  the  subjects  taught 
throughout  the  course,  which  characterize  the  scientific  attainments 
toward  which  the  school  should  aim. 

The  practical  achievements  of  the  engineer  are  closely  related 
to  machine-shop  methods  and  practice.  All  his  designs  must  be 
sent  to  the  shop  in  a  form  consistent  with  such  practice.  To  secure 
knowledge  of  machine-shop  methods,  limitations  and  possibilities, 
most  schools  have  a  practical  or  shop  department  in  their  engineer- 
ing course.  It  is  important  that  the  successful  engineers  of  the 
country  should  say  what  such  a  shop  should  be  and  what  it 
should  accomplish.  The  shop  is  made  a  department  in  the  course 
in  order  to  add  to  the  school  methods  as  well  as  to  its  facilities  for 
instruction.  It  should  not,  therefore,  be  such  an  institution  as 
would  be  developed  by,  or  out  of,  the  school.  It  should  bring 
to  the  school  its  own  methods  and  standards.  It  should  be  superi- 
or in  all  its  appointments  for  practical,  constructive  and  engineer- 
ing work.  It  should  have  not  only  the  tools,  methods  and  facilities 
bat  also  the  business  of  a  leading  productive  shop.    It  will  then 


272  SECTION  D. 

be  able  to  adopt,  in  a  full  measure  the  modern  methods  of  instruction 
aimed  at  in  other  departments.  Its  work  will  be  in  accordance 
with  the  economical  principle  of  teaching  analysis  and  synthesis 
in  close  connection.  Work  on  real  valuable  products  has  elements 
of  training  which  are  lacking  in  work  on  simple  isolated  pieces. 
It  cultivates  practical  judgment,  gives  valuable  experience  and 
available  skill.  The  connection  of  the  shop  with  the  school  is 
an  advantage  to  the  shop,  and  a  stimulus  to  breadth  and  thorough- 
ness in  other  departments.  It  promotes  symmetry  and  harmony 
in  the  whole  training  without  detriment  to  any  of  its  qualities 
and  economizes  by  variety  of  occupation  the  time  spent  in  the 
school.  About  ten  hours  per  week,  spent  in  such  a  shop,  will,  in 
four  years,  give  the  student  as  much  skill  (and  more  general  ability) 
in  the  shop,  as  a  three  years  ordinary  apprenticeship.  This  opens 
to  every  graduate  a  wide  door  to  the  engineering  profession,  giving 
at  once  opportunity  for  talent  and  independent  self-support.  Such 
practical  attainments  are  secured  by  the  construction  in  the  shop 
of  products  for  the  open  market.  Only  in  this  way  will  it  be 
practicable  to  keep  up  the  standard  of  workmanship  and  design 
and  the  practical  methods  of  engineering  practice.  From  fifty  to 
one  hundred  thousand  dollars  for  sh(/p  and  equipment  would  give 
provision  for  instruction  of  100  students,  and  fVom  three  to  ten 
thousand  dollars  would  be  required  for  annual  running  expenses. 
Experience  indicates  that  money  expended,  in  founding  and  foster- 
ing such  a  shop  department  as  above  outlined,  will  yield  a  large 
return  both  to  the  individual  students  and  to  the  profession. 


Topography  of  machines.    By  Oberlin  Smith,  M.E.,  Bridgeton, 
N.J. 

[ABSTRACT.] 

There  is  a  serious  lack  of  system  in  our  machine-building  prac- 
tice regarding  verbal  descriptions  of  positions  and  motions.  This 
causes  ambiguity  in  both  written  and  oral  explanations ;  which  are 
necessary,  in  new  machines,  in  addition  to  drawings. 

An  instance  of  this  is  where  some  member  of  a  machine  has  a  so- 
called /7*onf  of  its  own,  facing  in  a  different  direction  from  the  main 
front  of  the  machine. 


; 
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The  remedy  is  to  always  assume  one  side  as  a  front  and  let  the 
fronts  of  all  pieces,  when  in  position  shown  on  drawings,  face  in 
the  same  direction.  Let  left  and  vigM  be  rated  by  the  hands  of 
the  operator  as  he  stands  in  front  of  stationary  machines  facing 
them ;  and  as  he  stands  upon  moving  machines,  such  as  boats,  ve- 
hicles, etc.,  facing  forward.  This  will  give  a  relatively  different 
position  of  sides  in  the  two  classes  but  it  will  make  no  difference 
if  all  views  on  drawings  are  plainly  marked  *^  front,"  ^^  top,"  etc. 

Let  all  directions  be  defined,  in  the  whole  machine  or  a  sepa- 
rate piece,  as  either  "forward,"  "back,"  "right,"  "left,"  "up," 
"down ;"  and  all  sides  as  "front,"  "back,"  "right,"  "left,"  "top," 
"bottom."  Let  all  positions  referred  to  some  other  point  be  "front 
of,"  "back  of,"  "right  of,"  "left  of,"  "above,"  "below."  Let  all 
measurements  be  in  rectangular  directions  if  linear.  If  angular 
let  them  count  fi*om  some  rectangular  line. 

By  using  these  rules  a  designer  can  finish  designs  of  intricate 
machines  through  his  assistants,  communicating  by  mail  and  even 
teleplione. 

The  writer  is  working  out  a  system,  as  yet  in  a  crude  state,  for 
carrying  the  above  principles  toward  an  ideal  condition  where  a 
machine  could  be  wholly  described  by  figures  and  letters,  without 
any  drawings  at  all.  Practically  it  would  supplement,  simplify 
and  elucidate  a  set  of  drawiugs  rather  than  wholly  supplant  them. 
The  general  idea  embodied  is  to  locate  any  desired  point  in  a 
machine,  or  other  object,  by  a  perpendicular  measurement  from 
^ach  of  three  "  reference  planes,"  all  at  right  angles  to  each  other 
and  (usually)  forming  three  adjacent  sides  of  a  cube  exterior  to 
the  machine,  each  measurement  being  recorded  upon  the  drawing 
prefixed  by  a  letter  U,  R,  or  F,  representing  up,  right  or  forward, 
respectively.  This  system  has  already  been  partially  applied  to 
taking  measurements  of  old  machines,  to  get  data  for  making  draw- 
ings, and  has  proved  much  superior  to  the  random  method  usually 
practised  of  measuring  from  anywhere  to  somewhere. 

In  plotting  down  such  a  survey  as  has  just  been  referred  to,  it 
will  be  found  of  great  benefit  to  use  cross-ruled  drawing  paper, 
preferably  graduated  to  inches,  and  their  halves,  quarters  and 
eighths,  the  inch  lines  being  the  heaviest.  These  lines  should  be 
numbered  from  one  edge  of  the  paper  each  way,  and  their  use  is 
just  as  important  as  are  the  lines  of  latitude  and  longitude  in 
copying  a  map  drawing. 
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The  writer  herein  claims  no  new  principles,  bat  merely  the  at>- 
plications  of  some  very  old  ones,  and  as  yet  in  a  somewhat  im- 
perfect way,  to  the  ordinary  operations  of  machine  shop  practice.. 
Such  a  reform  as  is  here  foreshadowed  is  most  urgently  needed  as 
ene  of  the  means  of  systematizing  the  work  of  the  mechanical  en- 
gineer. It  is,  in  fact,  only  the  common  sense  use  of  methods 
which  have  long  been  employed  by  the  geographer,  the  topograph- 
ical-engineer, and  even  by  the  landscape-gardener  and  the  railway 
eontractor. 


Driven  welils.'^    Dy  J.  C.  Hoadlet,  M.  E.,  Boston,  Mass. 

[ABSTRACT.] 

The  investigations  of  Darcy,Dupuit  and  Lueger,  and  the  exper- 
imental determinations  of  Piefke  and  others,  relating  to  the  flow 
of  water  in  porous  earth,  are  recognized.  Some  unfounded  as- 
sumptions, and  fallacious  theories  and  unsound  explanations 
of  these,  by  courts  and  experts,  are  pointed  Out.  Description  of 
the  method  of  conducting  experiments  which  should  place  iil  a 
clear  and  convincing  light  the  truths  of  nature,  relating  to  the  flow 
of  water  from  the  natural  height  of  the  surrounding  ground 
water,  down  an  obstructed  hydraulic  slope,  by  gravity  alone,  to  the 
depressed  surface  of  the  water  immediately  around  the  suction  pipe 
of  a  pump  and  in  wetting  contact  therewith,  whether  such  suction 
pipe  be  driven  or  otherwise  inserted  in  the  ground,  or  put  into  the 
open  water  of  an  ordinary  well : — 

Firsts  by  pumping  from  actual  tubular  wells  inserted  in  natural 
water-bearing  soil,  and  marking  the  effect  both  as  to  the  quantity 
of  water  obtained  and  slope  of  water-surface  produced,  in  compar- 
ison  with  corres^ponding  results  by  similar  pumping  from  a  small 
open  well ;  and,  second^  by  laboratory  experiments  with  pumps, 
working  under  various  conditions  in  artificial  filtering  tanks,  sup- 
plied with  appropriate  measuring,  indicating  and  recording  appa- 
ratus. 

^  This  palmer  is  printed  in  faU,  with  illustrations,  in  th«  Sanitary  Engineer  for  De- 
cember 4j  11, 18,  26, 1884.  .  .    > 
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Special  points  of  iDvestigation  were : 

1.  As  to  the  alleged  difference  between  open  wells  and  driven 
wells  in  point  of  efficiency  in  obtaining  water  from  the  ground. 

2.  As  to  the  alleged  difference  in  the  same  respect  between 
pipes  driven  tightly  into  the  ground  ^^without  the  removal  of  any 
earth  upward,"  and  similar  pipes  under  like  conditions  inserted 
loosely  in  holes  bored  for  them. 

3.  As  to  the  alleged  newly  discovered  *'  principle,"  or  '*  power 
of  nature,"  according  to  which,  it  is  alleged,  a  pump  producing  a 
partial  vacuum  in  a  suction-pipe,  may,  provided  the  suction-pipe 
be  '^  driven  tightly  into  the  ground,''  cause  water  not  in  contact 
with  the  exterior  surface  of  the  suction-pipe,  to  flow  towards  the 
pipe,  and  up  to  wetting  contact  therewith,  otherwise  than  by  the 
force  of  gravitation  cansing  it  to  percolate  through  the  pores  and 
interstices  of  the  soil  with  a  rapidity  proportioned  directly  to  the 
slope,  t.  e.,  to  the  difference  of  level  produced  by  pumping,  in  a 
given  horizontal  distance,  and  inversely,  to  the  obstruction  of  the 
aoiU 

.  4.  To  ascertain  as  far  as  possible,  by  direct  experiment,  the 
form  of  the  curves  of  such  obstructed  hydraulic  slope. 

The  true  theory  of  the  flow  of  underground  water  as  set  forth 
by  the  physicists  first  above  named,  fully  sustained  by  the  results 
of  the  experiments,  and  the  pretentious  fallacies  above  referred  to 
completely  refuted. 


Ok  a  kew  method  of  producing  screws  of  standard  length 
AND  UNIFORM  PITCH.  By  Prof.  Wm.  A.  RooERs,  Harvard 
College  Observatory,  Cambridge,  Mass. 

[abstract.] 

.  Description  of  the  process  by  which  a  half-meter  screw  of  the 
dividing  engine  constructed  for  Prof.  W.  A.  Anthony  was  made, 
together  with  a  discussion  of  methods  by  which  further  im» 
provements  may  be  made. 
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Development  of  the  philosophy  of  beat  engines.    By  Prof.  R. 
H.  Thurston,  Stevens  Institute,  Hoboken,  N.  J. 

[▲B8TRA0T.] 

This  paper  presented  an  historical  sketch  of  the  development 
of  the  modern,  and  the  now  accepted  theory,  of  beat  engines, 
including  the  study  of  wastes.  This  paper  was  read  at  Montreal 
before  the  B.  A.  A.  S.,  by  request,  and  was  offered  in  Section  D, 
of  the  A.  A.  A.  S.  by  request  of  members  of  the'Section. 


Three  problems  in  river  phtsics.     By  Prof,  J.  B.  Johnson, 
Washington  University,  St.  Louis,  Mo. 

In  the  past  five  or  six  years,  there  has  been  a  great  deal  of 
money  spent  upon,  and  study  given  to,  many  questions  of  a  sci- 
entific nature  pertaining  to  the  improvement  of  our  western 
rivers.  Your  attention  is  called  to  some  conclusions  that  may  be 
drawn  from  recent  investigations  on  the  three  following  problems : 

I.  The  Transportation  of  Sediment  and  the  Formation  and 
Removal  of  Sand-bars. 

II.  The  Flow  of  Water  in  Natural  Channels. 

III.  The  Relation  of  Levees  to  Great  Floods,  and  to  the  Low 

■ 

Water  Navigation  of  Rivers. 

I.  The  Transportation  of  Sediment  and  the  Formation  and  Re- 
moval of  iSandrbars, 

The  solid  matter  carried  by  streams  of  variable  discharge  and 
cross-section,  fiowing  over  sandy  beds,  is  at  once  the  cause  of,  and 
remedy  for,  most  of  the  obstructions  to  the  navigation  of  such 
streams.  A  proper  understanding  of  this  subject  is  a  prime  req- 
uisite to  an  adequate  conception  of  the  conditions  governing  the 
flow  of  water  in  natural  channels,  the  improvement  of  low  water 
navigation,  flood  confinement,  etc. 

In  all  natural  water  courses,  the  material  carried  by  the  stream 
may  be  graded  according  to  the  method  of  its  transportation,  as, 

First,  That  carried  in  continuous  suspension. 

Second,  That  carried  in  discontinuous  suspension. 

Third,  That  carried  by  rolling  on  the  bottom. 
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Sediment  in  Continuous  Suspension.  This  is  composed  of  such 
finely  divided  particles  of  clay  and  mud  that  any  slight  disturbance 
of  the  water  in  a  vertical  direction  is  sufficient  to  prevent  its  dep- 
osition, and  so  it  mostly  remains  in  suspension  until  it  reaches  the 
sea.  A  large  part  of  the  sediment  carried  by  the  Mississippi  River 
is  of  this  class.  It  mostly  comes  from  the  western  tributaries, 
more  especially  from  the  Missouri.  If  a  quart  of  this  water  be 
placed  in  a  glass  jar,  and  set  away,  it  requires  some  ten  days  for 
the  water  to  become  clear.  Evidently,  this  kind  of  sediment  does 
not  form  sand  bars,  neither  can  the  engineer  avail  himself  of  it  in 
building  artificial  banks  in  contraction  works.  It  is  therefore  of 
no  consequence  to  the  river  engineer.  It  is  neither  helpful  nor 
harmful,  and  may  be  ignored. 

Sediment  in  Discontinuous  Suspension.  This  kind  of  sediment 
is  composed  of  sand,  more  or  less  fine  according  to  the  velocity  of 
the  stream.  It  is  the  material  of  which  sand  bars  are  made,  and 
it  is  also  the  material  out  of  which  the  engineer  builds  his  artificial 
embankments  by  the  square  mile  behind  his  permeable  dykes.  It 
is  constantly  being  picked  up  at  one  point  and  put  down  in  another 
by  the  action  of  a  law  as  unchangeable  as  the  law  of  gravity.  In 
the  river's  tireless  efibrts  to  attain  a  uniform  flow  it  is  constantly 
scouring  out  the  engorged  sections,  and  filling  in  the  enlarged  sec* 
tions.  For  any  given  stage  of  water,  the  volume  discharged  at 
successive  sections  is  the  same,  but  since  the  sections  do  not  have 
equivalent  areas,  the  mean  velocity  at  successive  points  is  a  con- 
stantly varying  quantity.  The  river  undertakes  to  overcome  this 
inequality  and  so  engages  in  an  enormous  carrying  trade,  which 
consists  in  cutting  out  the  bottom  where  the  section  is  less  and  the 
velocity  more,  and  carrying  this  sand  to  the  first  point  below  where 
the  section  is  more  and  the  velocity  less,  and  there  it  is  deposited. 
Evidentl}^  if  any  given  stage  of  water  should  continue  long  enough, 
,this  double  action  of  scouring  *the  small  sections  and  filling  the 
large  ones  would  result  in  a  nearly  uniform  fiow,  when  such  small 
particles  as  could  be  carried  by  the  resulting  velocity  would  be  so 
carried  in  permanent  suspension,  leaving  a  bed  of  tolerably  per- 
manent character,  being  only  infiuenced  by  the  matter  rolling  on 
the  bottom.  But  here  comes  the  trouble.  No  sooner  has  the 
river  set  to  work  to  adjust  itself  to  any  given  stage,  than  behold, 
the  stage  changes,  and  then  it  must  go  to  work,  cutting  and  filling 
at  new  points,  and  as  the  stage  is  ever  changing,  the  river  is  ever 
beginning  anew  in  its  endless  task. 
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It  may  not  be  clear  why  this  change  in  stage  should  so  disar- 
range matters.  Let  us  see.  The  cause  is  the  great  variation  in 
width.  Take  an  actual  case.  At  Plumb  Point,  on  the  Missis- 
sippi River,  sixty  miles  above  Memphis,  the  following  extremes 
were  found  in  1879  on  a  reach  eight  miles  in  length.^ 


WIDB 
8BCTION. 

NARROW 

8BGTIOM. 

Snrflice  width,  in  feet,              |  ^^  ^*ff  *■• 

Mean  depth    "      «                 jEiw^"""' 
Area  of  section  in  sq.  ft.,             f;^  ^"^?'" 
Mean  Telocity  in  ft.  per  sec.     j  Ji^J*  water. 
PaU  per  mUe  in  feet,                 j  J^**  '^If®'* 

8840 
7330 

28.9 
6.0 

960000 

30220 

8.67 
S.65 

0.26 

1.15 

1680 
1875 

60.7 
23.9 

94500 
68500 

10.1 
1.15 

1.75  J   « 
0.07$ 

Thus,  at  low  water,  the  ^ide  section  had  a  mean  velocity  of  2.65 
feet  per  second,  while  the  narrow  section  had  a  mean  velocity  of 
only  1.15  feet  per  second.  At  a  stage  26.6  feet  above  low  water 
(which  in  the  table  here  given  is  called  ^'  high  water,"  although  it 
is  some  eight  feet  below  extreme  high  water)  the  conditions  are 
reversed,  for  now  the  wide  section  has  a  mean  velocity  of  3.67  feet 
per  second,  while  the  narrow  section  has  a  mean  velocity  of  10.1 
feet  per  second.  Here  the  wide  section  was  some  eight  miles 
above  the  naiTOw  one.  Evidently  the  river  is  cutting  out  the  shoal 
and  filling  up  the  pool  in  low  water,  and  cutting  out  the  pool  and 
filling  on  the  succeeding  shoal  in  high  water,  and  in  fact  this  is 
what  is  always  observed  to  occur. 

The  amount  of  this  local  scour  and  fill  on  the  Mississippi  river 
is  enormous.  In  the  case  above  noted  there  was  a  total  scour  over 
the  reach  of  350,000,000  cu.  ft.  or  enough  to  cover  one  square 
mile  to  a  depth  of  11  feet.  This  occurred  from  Nov.  13  to  Jan.  3. 
In  many  cases  the  rate  of  fill  and  scour,  as  well  as  the  total 
amount,  is  much  greater  than  this.  It  is  not  uncommon  for  the 
shoal  places  to  be  built  up  as  much  as  fVom  six  to  ten  feet  in  time 
of  high  water,  so  that  the  bottom  of  the  river  is  then  higher  than 

1  See  Report  of  Miss.  Riv.  Commission  for  1881,  p.  69. 
>  From  plate  7,  p.  120  of  same  report. 
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the  surface  of  the  water  will  be  after  this  same  fill  has  been  cut 
out  by  the  succeeding  low  water.  In  other  words,  the  river  bed  is 
a  succession  of  narrow,  deep  pools,  alternating  with  wide  shoals. 
The  pools  are  in  the  bends,  and  the  shoals  are  on  the  crossings. 
The  shoals  are  like  so  many  dams,  fifty  to  seventy^five  feet  in 
height,  stretching  across  the  river  bottom  say  every  ten  miles.  In 
high  water  these  wide  dams  are  built  several  feet  higher,  and  the 
narrow  pools  are  dug  several  feet  deeper.  In  time  of  low  water 
the  dams  are  scoured  down  several  feet,  and  the  material  depos- 
ited  in  the  succeeding  pool.  What  is  true  on  the  Mississippi 
river  on  a  large  scale,  is  true  of  every  stream  flowing  in  a  friable 
bed,  on  a  corresponding  scale.  This  sediment  is,  therefore,  said 
to  be  in  temporary  or  discontinuous  suspension.  It  settles  very 
quickly  where  a  sample  is  caught  in  a  vessel,  and  the  amount  car- 
ried by  the  river  is  only  determined  by  taking  samples  at  various 
depths.  There  is  little  of  it  near  the  surface,  except  when  there 
is  violent  vertical  agitation,  as  in  ^'  boils  "  and  eddies.  It  is  con- 
stantly and  rapidly  /ailing  towards  the  bottom,  and  is  only  pre- 
vented from  reaching  it  by  the  upward  motion  of  the  medium. 

Material  transported  by  rolling  on  the  bottom.  When  the  grains 
of  sand  are  too  large  to  be  held  in  temporary  suspension  they  may 
yet  be  moved  along  on  the  bottom  from  being  unable  to  resist  the 
force  of  the-  current.  This  motion  is  also  mostly  discontinuous 
inasmuch  as  the  particle  is  pushed  up  the  gentle  slope  of  the  upper 
side  of  a  sand  wave  or  reef,  and  dropped  upon  the  abrupt  down- 
stream side,  there  to  remain  until  the  reef  has  progressed  so  far 
as  to  again  expose  it  to  the  action  of  the  water  on  the  up-stream 
side.  The  amount  of  material  so  transported  is  fairly  represented 
by  the  size  and  rate  of  travel  of  the  wave.^  These  sand  waves, 
or  reefs,  may  be  as  much  as  8  to  15  feet  high,  extend  from  one- 
half  to  three-fourths  the  distance  across  the  river,  and  move  from 
10  to  30  feet  a  day.  They  succeed  each  other  at  intervals  of  some 
300  feet.  The  same  action  is  seen  by  the  roadside,  on  a  small 
scale,  after  a  shower.  It  obtains  in  all  natural  water  courses,  is 
found  in  both  pool  and  shoal  alike,  but  is  most  strongly  developed 
on  the  shoals.  It  is  largely  instrumental  in  the  formation  and  re- 
moval of  sand  bars,  but  is  of  little  use  to  the  engineer  in  building 
embankments.  It  is  in  this  way,  however,  that  the  slow  currents 
of  a  low  stage  may  cut  a  channel  through  a  wide  and  high  Imv, 

*See  Reporter  Chief  of  Engra.  U.  S.  A.  for  1879,  Vol.  Ill,  p.  1963;  also,  Beports  of  Misi. 
BIT.  Com.  for  1881  and  1888. 
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Although  the  mean  velocity  may  be  small,  the  bottom  velocity  is 
relatively  large  on  account  of  the  shallow  depth.  The  period  of 
its  action  is  also  apt  to  be  longer  than  that  of  flood  stages.  The 
amount  of  matter  so  transported  is,  however,  small  on  the  Miss- 
issippi river,  compared  to  that  carried  in  suspension.  A  knowledge 
of  this  action  is  mainly  important  as  going  to  explain  the  regular 
changes  that  are  observed  to  take  place  on  the  bottoms  of  crosa* 
sections  of  rivers.** 

II.     The  Flow  of  Water  in  Natural  Cliannels. 

It  is  now  generally  admitted  that  no  formula,  involving  only  the 
variable  functions  of  8lo|>e  and  cross-section,  can  ever  be  used  to 
give  even  approximate  values  of  the  mean  velocity,  across  a  given 
section,  of  a  stream  flowing  in  its  natural  or  iri*egular  channeL 
Fartlier  than  this,  we  are  now  forced  to  the  conclusion,  that  no  such 
formula  can  ever  be  used  to  give  the  continuous  discharge  of  a 
single  stream,  at  a  given  station,  even  though  the  actual  observed 
mean  velocities  on  that  section,  for  one  year,  be  used  in  its 
derivation. 

Tlie  common  tj'pe  of  formula  is 

vsstf  r*  •■ 

whei-o 

V  rr  mean  velocity  ficroe>8  the  section. 

c  =  H  constant  coefficient,  either  general,  or  specially 

derived  for  each  case. 

^   ,       ,,  jk     ^x.        ^^^^  ^f  section 

r  =  hydrnnlic  mean  depth  s=  -  _  -—    —    i — 

•^         wetted  perimeter 

$  =s  slope  =  sin.  of  angle  of  inclination  to  tho  horisontal. 

•n  and  n  are  usually  taken  as  \, 

The  Chezy  formula,  which  is  of  this  type  is : 

Most  of  the  efforts  made  to  adapt  this  formula  to  the  flow  of 
water  in  natural  cliannels  have  been  spent  upon  the  coefficient  c. 

It  is,  however,  no  longer  a  question  of  coefficients  or  exponents. 
For  regular  and  stable  channels,  like  flumes,  canals,  or  ponds 
controlled  by  fixed  weirs,  formulae  can  readily  be  deduced  that 
will  give  fair  results,  but  in  all  natural  channels,  the  cmss-section, 
slope,  and  flow,  are  so  irregular,  and  the  bed  so  changeable,  that  the 
variables  affecting  the  flow  are  not  adequately  represented  by  r 
and  «,  and  hence,  any  formula  based  on  these  for  the  independent 
variables  will  surely  fail. 

A  body  of  finite  mass,  moving  under  constantly  varying  accel- 

.  «For  an  article  on  "Silt  movement  by  the  Mississippi"  by  Robt.  E.  McMathy  aee 
Jonrnal  of  the  Association  of  Engineering  Societies,  t.  1|  p.  266. 
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eratiDg  and  retarding  forces,  never  has  a  velocity  at  a  given  point 
which  is  a  function  only  of  the  roi*c^s  acting  at  that  point*  Sinc^ 
the  accelerating  forces  of  a  stream  are  doe  to  the  slope,  and  the 
retarding  forces  are  due  mainly  to  bed  and  banks,  and  since  the 
conditions  of  slope,  bed  and  banks  are  constantly  changing  in  the 
progress  of  a  given  mass  of  water  down  stream,  it  follows  that  this 
mass  is  subject  to  constantly  varying  forces.  The  velocity  of  this 
mass  at  any  section  is  therefore  a  function  of  the  slope  and  bed 
for  an  indefinite  distance  above,  and  can  never  be  predicted  from 
the  immediate  conditions  at  the  section.^  Whether  or  not  it  can 
ever  be  predicted,  within  reasonable  limits,  is  still  a  question,  but 
some  new  light  has  recently  been  shed  on  this  much  mooted  subject. 
If  the  conditions  of  slope,  approach,  cross-section,  and  discharge, 
should  be  always  the  same  at  the  same  stage  of  water,  or  for  the 
same  stage  and  same  rate  of  rise  or  fall,  then  a  cycle  of  observations 
on  mean  velocity  might  enable  us  to  predict  what  the  next  cycle  of 
mean  velocities  would  be  at  that  same  section.  /But,  as  outlined 
above,  in  discussing  silt  movement,  it  is  seen  that,  in  streams  of 
unstable  regime^  the  bed  is  constantly  shifting,  and  that  the  high 
ridges,  or  bars,  that  alternate  with  the  pools,  are  constantly  change 
ing  their  height.  If  these  ridges  be  conceived  as  weirs,  and  the 
stage  of  water  ^n  the  intercepted  pools  be  controlled  by  these  weirs, 
which  it  is  in  medium  and  low  stages,  then  the  discharge  in  this  pool 
may  be  discussed  with  some  confidence  and  profit.  If  the  section 
be  located  in  the  lower  portion  of  the  pool,  so  that  the  conditions 
of  approach  over  the  weir  above  be  of  little  consequence,  then  the 
conditions  effecting  discharge  are,  the  effective  head,  that  is,  the 
surface  slope  from  the  section  to  the  weir  below,  and  the  depth  on 
the  weir.  The  origin,  from  which  the  stage  should  be  measured,  in 
this  case,  is  the  natural  zero  of  hydraulic  activity,  viz. :  the  hori- 
zontal plane  passing  through  the  crest  of  the  weir.  When  so  taken, 
a  very  simple  relation  is  found  to  exist  between  stage  and  mean  ve^ 
lociiy,  inasmuch  as  the  latter  is  a  linear  function  of  the  former.^ 

>  The  problem  is  ■imllAr  to  the  Instantaneoas  relation  ezlttlog  between  the  pressare 
on  the  piston  of  a  crank  engine,  the  resistance  to  motion,  and^the  velocity  of  the  flj 
wheel.  No  one  would  for  a  moment  suppose  that  a  formula  could  be  derived  that 
would  express  this  relation  for  any  given  instant,  and  yet  this  is  exactly  what  has  been 
Attempted  on  streams  for  the  last  one  hundred  years. 

•The  locus  is  probably  an  hyperbola*  which  becomes  practically  a  straight  line  for'all 
stages  above  a  few  feet.  See  paper  by  B.  E.  McMath  before  Am.  Boc.  of  Civil  Engineers. 
V.  11,  No.  238. 
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If  this  relation  be  determined  by  observations  at  that  section,  then 
it  may  safely  be  nsed  so  long  as  tJie  weir  condition  remains  Jixed. 
When  this  changes,  by  scour  or  fill  of  the  bar,  then  the  origin  of 
the  locus  changes  with  the  change  in  origin  for  stage.  But  the 
weir  condition  could  be  made  the  subject  of  observations,  and  the 
locus  of  the  curve  of  mean  velocity  and  stage  so  adjusted  as  still  to 
indicate  the  mean  velocity  for  this  locality,  provided  the  section  on 
weir,  or  bar,  should  remain  the  section  controlling,  or  limiting,  the 
discharge.  In  high  stages,  the  region  over  the  weir  becomes  it- 
self the  comparatively  stagnant  pool,  and  the  controlling  or  limit' 
ing  section  is  in  the  deep  and  narrow  bend  below.  The  low  slope 
is  now  over  the  shoal,  and  the  steep  slope  in  the  deep  pool.  This 
slope  is  used  to  generate  the  accelerated  velocity  through  the  en- 
gorged section.  The  conditions  of  a  slack  pool,  retained  by  a 
submerged  horizontal  weir,  now  no  longer  obtains,  and  the 
narrow,  deep  reach  around  the  bend  with  high  slope,  is  similar  tQ 
an  engorgement  by  lateral  contraction.  This  is  a  very  different 
problem,  evidently,  from  what  we  had  at  a  lower  stage  when  the 
weir  section  was  the  limiting  one,  and  a  discussion  of  this  state  of 
affairs  offers  greater  difficulties  than  the  other.  As  a  striking  ex- 
ample of  this  change  of  location  of  the  engorged  sections,  see  the 
table  given  above  in  discussing  the  movement  of  sediment.  Thus, 
in  low  water,  the  deep  section  had  an  area  of  two  or  three  times 
that  of  the  shoal  section,  an(l  a  slope  of  one-sixteenth  as  great, 
while  at  high  stage,  the  deep  section  had  an  area  of  only  thirty- 
six  hundredths  of  that  of  the  shoal  section,  but  its  slope  was  seven 
times  as  great. 

The  object  of  this  presentation  is  not  to  discuss  or  derive  form- 
ulffi,  but  to  call  attention  to  some  of  the  heretofore  neglected 
functions  of  the  problem.  These  functions  are  seen  to  be  so 
various,  and  apparently  lawless  in  their  nature,  that  it  is  highly 
improbable  that  we  shall  ever  be  able  to  obtain  any  formula  of 
much  value.  A  service  has  been  rendered,  however,  when  the 
impossibilit}'  of  a  successful  solution  on  the  lines  of  investigation 
so  long  pursued  has  been  pointed  out.  Also,  when  the  real  deter- 
mining causes  effecting  flow  are  properly  conceived  and  investigat- 
ed, rational  and  valuable  formulae  may  be  obtained  for  exceptional 
cases  of  stable  conditions. 
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///.     The  relation  of  Levees  to  Cheat  Floods  and  to  the  Low-water 
Navigation  of  Rivers^  as  illustrated  by  the  Mississippi  River; 

That  levees  may  be  built  which  will  confine  the  greatest  flood  on 
the  Mississippi  river,  without  danger  of  their  giving  way,  may  be 
admitted.    The  question  is,  What  shall  be  their  size  and  location? 

The  location  of  a  levee  is  determined  by  two  considerations  in 
favor  of  putting  it  as  near  the  bank  as  possible,  and  by  two  others 
in  favor  of  putting  it  as  far  away  as  possible.  The  arguments  in 
favor  of  putting  the  levee  near  the  bank  are : 

First,  The  land  near  the  bank  is  generally  higher  than  any- 
where else.  There  is  generally  a  well  defined  slope  away  from  the 
river,  and  therefore  a  levee  here,  to  confine  a  given  flood  plane, 
will  have  the  minimum  height  and  cost. 

Second.  The  land  near  the  river  bank  is  always  most  valuable 
for  cultivation  on  account  of  its  being  higher,  and  therefore  the 
protection  of  this  narrow  strip  is  the  chief  cause  for  leveeing  the 
river  at  all. 

The  arguments  in  favor  of  putting  the  levee  at  a  distance  from 
the  river  are : 

Firstf  so  that  it  will  not  soon  fall  into  the  river  from  caving 
banks,  and  second^  So  that  the  facilities  for  flood  discharge  may 
be  greater,  and  therefore,  the  flood  stage  and  necessary  height  of 
levee  less.  This  latter  argument  is  so  generally  advanced  that  it 
is  deserving  of  mention^  but  I  will  try  to  show  that  it  is  more  vis- 
ionary than  real.  The  force  of  the  other  arguments  above  stated 
is  evident, "and  they  need  no  further  discussion. 

The  height  required  for  levees  in  a  certain  locality  is  a  very 
complicated  problem,  and  unfortunately  for  the  lower  Mississippi 
river  it  is  a  problem  on  which  we  have  no  direct  evidence.  By 
having  no  direct  evidence,  I  mean  that  as  there  is  no  point  on  the 
river  below  Cairo  where  the  whole  of  a  great  flood  has  ever  been 
confined  between  levees,  so  there  is  no  argument  from  experience. 

In  this  dilemma  we  are  forced  to  fall  back  upon  theoretical  con- 
siderations. 

For  the  past  three  years,  1882,  '3  and  '4,  we  have  had  great 
floods  on  the  Ohio  and  Lower  Mississippi  rivers,  and  a  great  deal 
of  data  has  been  obtained,  such  as  we  have  never  before  possessed. 
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The  first  installment  of  this  flood  data  may  be  'found  in  the  Re- 
port of  the  Mississippi  River  Commission  for  1883.^ 

The  overflow  water  of  a  great  flood  loses  itself  out  over  the  west 
bank  of  the  river  from  Cairo  to  Memphis,  passes  down  through 
the  St.  Francis  swamp,  and  is  forced  back  to  the  river  again  by 
the  high  bluffs  at  Helena.  It  then  overflows  the  east  bank,  passes 
down  through  the  Yazoo  bottoms,  and  is  again  forced  back  to  the 
river  by  the  bluffs  at  Vicksburg.  It  then  once  more  crosses  the 
channel  and  escapes  over  the  west  bank  to  return  no  more,  but  to 
find  its  way  to  the  gulf  through  the  Tensas  and  Atchafalaya  river 
regions.® 

Notwithstanding  the  river  has  been  leveed  almost  from  Cairo  to 
the  Gulf,  and  in  the  lower  parts  of  the  valley  these  levees  have 
been  carefully  maintained  and  gradually  enlarged,  yet  in  time  of 
a  great  flood  the  surplus  water  seems  quite  oblivious  of  such  frail 
barriers,  and  always  goes  over  and  through  them  very  much  as 
though  it  were  quite  unconscious  of  their  presence.  And  every 
time  the  levees  are  destroyed  the  people  seem  as  much  astonished 
as  though  that  were  the  flrst  time  such  a  calamity  had  ever  be- 
fallen them.  The  trouble  is  that  due  weight  has  not  heretofore 
been  given  to  the  enormous  quantity  of  water  passing  outside  the 
channel.  Before  the  flood  of  1882  no  even  approximate  determi- 
nation of  the  amount  of  such  water  had  ever  been  made,  and  no 
one  suspected  it  to  be  so  large.  From  the  observations  taken  on 
that  flood,  which  was  the  largest  on  record,  we  find  that  on  some 
zones,  or  belts,  there  was  about  as  much  water  passing  outside 
the  channel  as  there  was  in  the  channel.  The  total  maximum  dis- 
charged in  that  flood  was  some  2,000,000  cu.  ft.  per  second, 
while  for  a  hundred  miles  (by  river)  at  and  above  Lake  Provi- 
dence, and  for  another  hundred  in  the  vicinity  of  New  Orleans, 
the  discharge  in  the  channel,  with  overflowing  banks,  was  but 
1,000,000  cu.  ft.  per  second.  The  other  million  was  finding  its 
way  to  the  gulf  through  the  swamps.  This  is  a  very  startling 
fact.  It  means  that  if  we  propose  to  completely  confine  the  wat- 
ers of  a  large  flood  between  levees,  we  must,  in  places,  carry  twice 

T  Supplemented  In  the  Report  of  1884,  by  several  reports  on  the  observed  volame  of 
the  overflow  water  in  the  flood  of  1803*  inclading  one  by  the  writer  on  the  Flood  Die* 
charge  through  the  Yazoo  Bottoms. 

•  See  paper  by  the  writer  on  **  Great  Floods  on  the  Lower  Mississippi,*'  In  Journal 
of  the  Association  of  Engineering  Societies,  y.  8,  p.  115.  I 


MECHANICAL   SCIENCE.  285 

as  much  water  as  the  present  channel  can  take.  At  all  points  be- 
low Cairo,  it  is  now  pretty  well  known  how  much  more  water 
would  have  passed  in  a  confined  channel,  than  did  so  pass  in  the 
flood  of  1882.  With  such  facts  as  a  basis  for  estimates,  engineers 
still  differ  very  widely  as  to  the  necessary  height  the  levees  must 
have  to  confine  these  additional  volumes.  Some  engineers  afiSroi 
that  the  levees  need  be  but  little,  if  any,  higher  than  they  now  are, 
while  others  insist  that  in  places  they  will  have  to  be  from  ten  to 
twelve  feet  higher  than  they  now  are.  The  whole  question  turns 
on  whether  or  not  the  bed  of  the  river  will  scour  out  when  all  the 
water  is  confined  to  the  channel.  The  popular  conception,  as 
well  as  the  expressed  opinion  of  most  writers  on  the  subject,  is  to 
the  effect  that  a  confining  of  the  waters  to  one  channel  will  in- 
crease the  velocity  of  the  stream  (which  everybody  admits),  that 
this  increased  velocity  will  give  increased  scour  (which  every- 
body admits,  in  a  sense)  and  that  this  increased  scour  will  result 
in  a  general  lowering  of  the  bed  (which  must  be  denied). 

In  other  words,  there  are  two  schools  of  engineers,  the  concen- 
tration school,  and  the  equalization  school.  The  former  afiSrm^ 
the  beneficial  results  of  an  increased  volume  at  high  stage ;  the 
latter  not  only  denies  any  beneficial  results  but  affirms  that  actual 
harm  would  ensue.  Again  the  question  turns  on  the  methods 
of  transporting  sediment.  The  concentration  school  argue  as 
though  all  sediment  were  of  the  continuous  type,  and  when  once 
taken  up  it  would  be  carried  to  the  sea,  provided  all  the  water  re- 
mained in  the  channel.  But  they  say,  in  effect,  that  in  case  of  a 
flow  over  the  bank,  while  the  water  pauses  to  consider  whether  it 
shall  go  over  the  bank  or  remain  in  the  channel,  the  sediment  es- 
capes from  its  grasp  and  settles  to  the  bottom.  On  the  contrary, 
we  know,  that  when  two  forces,  at  right  angles  to  each  other,  act 
on  a  moving  particle,  it  moves  over  a  path  which  is  a  resultant  of 
the  two  forces,  and  so  moves  faster  than  if  either  force  acted  alone. 
Therefore,  instead  of  the  water  being  checked  by  the  escape  over 
the  bank  it  is  really  accelerated.  Again,  the  more  the  energy  of 
a  river  is  increased  by  increasing  the  stage  the  more  unequal  be- 
comes the  difference  in  area  of  successive  sections  in  wide  and  nar- 
row places,  and  at  high  stage  the  narrow  and  deep  places  are 
always  the  engorged  sections.  If  the  energy  of  the  river  be  in- 
creased at  this  stage  it  simply  scours  out  the  deep  places  deeper. 
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and  drops  this  matter  on  the  sncceeding  wide  shoal.  That  is,  any 
influence  towards  a  temporary  adjustment  of  the  river's  bed  to  a 
high  water  discharge  is  an  influence  which  is  adding  to  the  heights 
of  all  the  sand  bars  on  the  river.  ^The  greater  the  stage,  the 
higher  the  bars  and  the  deeper  the  pools  become ;  and  so  far  is 
this  from  facilitating  the  discharge,  that,  in  the  language  of  the 
Secretary  of  the  Mississippi  River  Commission,  ^^  the  effect  of  an 
approaching  flood  is  to  impede  its  own  discharge,  and  the  impedi* 
ment  outlasts  the  flood.*'  An  example  of  this  action  is  found  in 
the  flood  of  1858  at  Columbus,  Ey.,  where  the  river  was  leveed. 
The  discharge  of  the  river  exceeded  1,100,000  cu.  ft.  per  second, 
four  times  from  December  to  June.  The  stages  at  which  the 
river  discharged  this  amount  were:  29.5  ft.,  32.5  ft.,  88.5  ft., 
and  85.0  ft.  on  a  rising  stage,  and  81.6  ft.,  84.7  ft.,  85.9  ft.  and 
86.  9  ft.  on  a  falling  stage. 

If  the  successive  differences  between  rising  and  falling  stages  at 
which  the  discharge  was  1,100,000  cu.  ft.,  be  taken  out  for  each  rise 
we  have,  2.1  feet,  2.2  feet,  2.4  feet  and  19  feet,  as  the  legitimate 
effect  of  the  change  fi*om  a  rising  to  a  falling  condition. 

If,  however,  we  compare  the  first  and  last  rising  stages  when  the 
discharge  was  1,100,000  cu.  fl.,  we  find  that  in  June  it  required  a 
stage  5.5  feet  higher  to  discharge  this  water  than  it  did  the  pre- 
vious December.  Making  the  same  comparison  on  falling  stage 
we  find  a  difference  of  5.8  feet.  This  was  due  to  deterioration  of 
channel  caused  by  a  building  up  of  the  bars  or  weirs,  by  a  suflSc- 
lent  amount  to  raise  the  stage  5.5  feet  in  order  to  discharge  the 
same  amount. 

It  is  highly  probable  that  the  two  high  waters  of  1882  and  1888, 
in  the  Ohio  River  worked  such  detriment  to  the  channel  that  the 
flood  of  1884  was  raised  several  feet  higher  than  it  would  have 
been  had  the  same  amount  of  water  passed  in  1882. 

It  would  seem,  therefore,  that  in  the  river's  present  condition, 
there  is  no  evidence  that  a  confined  fiood  will  scour  out  its  bed  so 
as  to  facilitate  the  discharge,  and  there  is  considerable  evidence 
against  it.  If  the  river  flowed  between  straight,  parallel  banks, 
such  as  Capt.  Eads  has  constructed  at  the  mouth  of  the  river,  then 
there  could  be  no  such  thing  as  discontinuous  transportation  of 
sediment,  and  hence  no  alternate  scour  and  fill.  Then  concentra- 
tion of  volume  would  be  beneficial,  and  would  ultimately  lower  the 
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river  bed.  Bat  this  condition  of  tilings  can  .never  be  reached  on 
the  Mississippi  River,  and  hence  the  concentration  of  flood  volume 
will  ever  be  harmftil  rather  than  helpfbl. 

It  follows  fVom  this,  that  if  an  additional  quantity  of  water  is 
confined  to  the  channel  in  time  of  flood,  we  must  provide  accommo* 
dation  for  it  at  the  surface  rather  than  at  the  bottom  of  the  river. 
If  this  point  be  settled,  it  is  not  difficult  to  approximate  to  the 
new  stage  to  pass  the  new  volume.  There  are  many  stations  on 
the  river  below  Cairo  where  discharge  observations  have  been  con- 
ducted for  one  or, more  years.  If,  for  one  of  these  sections,  we 
plot  stage  and  discharge,  we  get  a  curve  showing  the  relation  of 
the  two  fi'om  low  water  to  say  50  feet  above.  If  the  levees  be 
near  the  banks,  which  tliey  usually  are,  and  they  be  high  enough, 
to  confine  the  flood,  the  conditions  of  flow  will  not  be  materially 
changed  as  the  water  gets  above  the  bank.  If,  now,  we  know  what 
the  additional  quantity  will  be  to  confine  it  all,  we  could  simply 
extend  the  discharge  curve  until  we  reach  the  proper  volume,  and 
then  read  off  the  corresponding  stage.  The  only  uncertainties 
here  are  in  the  curve  itself,  which  may  not  rigidly  apply  for  another 
year  at  the  same  locality,  and  in  its  extension.  These  uncertainties 
may  have  a  maximum  value  of  several  feet,  and  yet  it  is  the  only 
argument  we  can  use,  and  it  will  give  approximate  results,  which 
are  more  likely  to  be  too  small  than  too  large.  If  the  heights  of 
levee  necessary  to  confine  such  a  flood  as  that  of  1882  be  found 
in  this  way,  and  the  additional  cost  estimated,  it  makes  an  item  of 
over  950,000,000,  to  complete  the  levee  system  from  Cairo  to  the 
Gulf.    It  is  questionable  if  such  levees  ever  will  be  built.* 

In  regard  to  putting  the  levees  farther  from  the  banks,  the  two 
main  objections  have  already  been  mentioned.  There  would  be  also 
little  advantage  from  increased  facility  of  discharge.  The  ground 
would  have  to  be  kept  clear  of  all  timber,  weeds,  and  undergrowth, 
or  else,  it  would  ofllar  very  poor  opportunities  for  discharge.  This 
could  hardly  be  done.  The  water  flowing  across  a  neck,  also, 
does  more  to  hinder  than  to  help  the  flow  around  the  bend,  by 
lessening  the  volume  in  the  channel. 

There  is  another  expedient  which  has  been  advocated,  which  ap- 
pears to  be  practicable,  but  for  which  there  are  yet  not  sufficient 

•The  MisB.  RIv.  Com.,  in  Uieir  report  for  188S,  eetlmate  this  cost  at  some  $11,000,000 
but  Gen.  C.  B.  Comstook,  President  of  the  Commission  dissents  ftrom  this  vievr. 
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surveys  to  determine.  It  consists  in  having  ordinary  sized  levees, 
such  as  are  now  built,  which  will  confine  the  ordinary  floods, 
with  waste  weirs  at  suclx  points  as  offer  the  best  facilities  of  dis« 
charge  through  the  swamps,  to  let  off  the  surplus  waters  without 
detriment  to  the  levees  and  with  the  least  possible  damage  to  the 
lands.  There  are  a  great  many  natural  outlets  Arom  the  river 
back  to  the  main  drainage  channels  of  the  bottoms,  which  could 
be  utilized  in  this  way.  This  sort  of  outlet,  however,  is  more 
like  the  spilling  of  the  water  over  the  bank,  than  like  a  crevasse 
in  the  levee.  These  weirs  would  have  to  be  miles  in  extent  so 
that  the  depth  of  overflow  need  not  be  more  than  two  feet.  This 
arrangement  has  been  adopted  on  the  Rhone  with  ver}^  satisfactory 
results.^® 

The  relation  of  levees  to  low  water  navigation  has  already  been 
trenched  upon  above  in  showing  the  effect  of  increased  stages  at 
time  of  high  water,  in  building  up  the  bars.  What  is  wanted  is 
the  removal  of  the  bars,  and  for  this  purpose  the  low  water  energy 
should  be  increased  and  the  high  water  effect  diminished.  In  other 
words,  the  extremes  should  be  brought  nearer  together  which  is 
all  included  in  the  term  equalization  of  volume.  Any  influence, 
therefore,  which  forces  these  extremes  farther  apart  is  hurtful. 
Levees  tend  to  make  high  water  higher,  and  therefore,  they  are  an 
injury  to  navigation. ^^ 

Evidently  it  would  be  of  no  advantage  to  navigation  if  the  river 
bed  were  uniformly  lowered  a  hundred  feet,  provided  the  same 
irregularities  remained  in  the  matter  of  pool  and  shoal. 

If  ever  the  river  should  be  regulated  in  width  so  that  the  dis- 
continuous movement  of  sediment  becomes  inappreciable,  then  the 
stage  may  be  increased  to  advantage.  It  is  highly  improbable 
that  this  ever  will  be  done,  and  therefore  the  building  of  levees  on 
the  banks  of  the  Mississippi  Biver  will  never  prove  an  aid  to  low 
water  navigation.  On  the  contrary  they  will  always  tend  to  pro- 
duce a  certain  amount  of  damage. 

loSee  paper  by  the  writer  on  **Protcctioa  of  Lower  Misslsfiippl  Valley  from  OTerflow" 
in  Journal  of  the  Association  of  Engineering  Societies,  v.  3,  p.  109. 

>i  See  paper  by  Robt.  E.  McBfath  on  ^'Levees,  —  their  Relation  to  River  Physics,"  ia 
Journal  of  the  Association  of  Engineering  Societies,  y.  3,  p.  43. 
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Steam-engine  practice  in  the  United  States  in  1884.     By  J.  C. 
HoADLEY,  C.E.,  Boston,  Ma£U9.^ 

Following  the  usual  course  of  development  which  rules  in  all 
untrammelled,  healthful  industries,  no  less  than  in  the  works  of 
nature,  the  steam-engine  is  daily  becoming  more  and  more  differ- 
entiated, the  better  to  adapt  each  special  form  to  some  particular 
purpose. 

As  the  machinist's  tools  used  in  its  construction  are  specialized 
and  adapted  each  to  a  single  class  of  operations,  —  their  increased 
efficiency  for  a  special  purpose  more  than  compensating  for  the 
limited  range  of  their  utility,  —  so  the  steam-engine  itself,  broadly 
considered,  is  continually  developing  new  and  useful  varieties.  At 
the  same  time,  and  as  a  consequence  of  the  earnest  studj'  devoted 
to  each  variety,  a  parallel  tendency  to  fixedness  of  tj'^pe  in  each 
class  is  no  less  apparent  than  is  the  diversity  of  types. 

Pumping-engines  for  public  water-works,  with  a  few  large  engines 
for  manufacturing  and  mining  purposes,  constitute  a  class  by  them- 
selves. 

Engines  for  rolling-mills  and  general  metallurgical  purposes  form 
a  well-marked  class. 

Great  lumber-manufacturing  regions,  like  Maine  and  Michigan, 
have  called  into  being  a  class  of  engines  particularly  adapted  to 
saw-mills  and  wood-working  machines. 

Marine  engines  constitute  an  important  class,  of  which  steamboat 
and  ferry-boat  engines  are  one  distinct  variety,  and  engines  of  ships- 
of-war  another. 

Locomotives  form  a  distinct  class,  subdivided  into  several  varie- 
ties more  or  less  differentiated,  —  passenger-engines,  freight-engines, 
mountain-engines,  shunting-engines,  and  various  small  engines  for 
mining  and  other  purposes. 

1  The  stereotype  plates  of  this  paper  were  furnished  by  the  author.  — 
Editob. 

A.  A.  A.  S.,  VOL.  XXXIII. 
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The  hoisting  engine,  the  steam-crane,  the  steam-pump,  the  steam- 
blowing  engine,  the  steam  fire-engine,  the  portable  and  the  semi-port- 
able engine,  the  traction-engine,  are,  each  and  all,  clearly  marked 
varieties. 

The  steam-ploughing-engine,  a  tj'pe  highly  developeil  in  England, 
is  almost  unknown  in  the  United  States. 

Engines  specially  designed  for  driving  dynamos,  for  electric 
lighting,  may  almost  be  said  to  constitute  a  class  of  the  quick- 
mnning,  or  high-speed,  group  of  engines. 

Nearly  all  these  classes  of  engines  are  in  full  course  of  develop- 
ment in  the  United  States  at  this  time,  some  much  more  advanced 
than  others,  but  for  the  most  pait  iu  a  highly  specialized  form 
already,  and  rapidly  taking  on  greater  fixedness  of  tyi^e. 

A  complete  and  discriminating  notice  of  all  would  require  a 
voluminous  treatise.  The  limits  of  this  paper  will  admit  only  a 
few  conspicuous  examples  of  some  of  the  leading  types ;  and  the 
time  at  command  will  compel  a  pretty  close  adherence  to  the  obser- 
vation and  experience  of  the  writer,  with  the  risk  of  some  lack  of 
symmetry  and  proportion  as  a  probable  consequence,  and  of  some 
apparent  egotism. 

WATER-WORKS   ENGINES. 

This  classification  is  rather  arbitrary ;  since  it  is  intended  to 
include  only  compound  engines  of  a  certain  type,  and  to  cover  cer- 
tain Corliss  and  Leavitt  engines  not  used  for  water-works. 

Examples  of  these  engines  are  to  be  found  in  the  public  water- 
works at  Lowell,  at  Lynn,  and  at  Lawrence,  and  at  the  sewage- 
pumping  station,  Boston,  Mass. ;  at  the  water- works  in  Providence 
and  Pawtucket,  R.I. ;  at  St.  Louis,  Mo. ;  and  at  Saratoga,  N.Y. 

Engines  belonging  to  this  class,  although  not  used  for  pumping, 
are  the  great  Centennial  Corliss  engine,  now  supplying  power  for  the 
car-shops  at  Pullman,  near  Chicago,  111. ;  and  the  Leavitt  engine 
at  the  Calumet  and  Hecla  copper-mine,  at  Calumet,  Houghton 
County,  Mich. 

LOWELL   PC3IPING-ENGINE. 

This  is  a  vertical,  compound  engine,  having  its  steam-cylinders 
and  air-pump  located  on  one  side  of  the  beam-centre,  and  its  pump 
and  fiy-wheel  on  the  other  side.  The  high-pressure  cylinder  is  86 
inches  iu  diameter,  with  a  stroke  of  5  feet  If  inches.  The  low- 
pressure  cylinder,  which  is  located  at  the  extremity  of  the  beam, 
has  a  diameter  of  57  inches,  with  8  feet  stroke. 
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In  volume  swept  through  b}-  the  pistons,  the  two  cylinders  are  to 
each  other  in  the  ratio  of  1  to  3.9.  The  air-pump  is  25  inches  in 
diameter,  with  a  stroke  of  3  feet. 

The  water-pump,  of  the  Thames-Ditton,  or  bucket-and-plunger 
variety,  has  a  stroke  of  6  feet,  with  36  inches  diameter  of  chamber 
and  25.45  inches  diameter  of  plunger.  The  fly-wheel  is  25  feet  in 
diameter.  The  beam  is  double,  and  its  top  is  29  feet  1  inch  above 
the  floor  of  the  engine-room. 

The  contract  requirements  were  :  75,000,000  pounds  raised  1  foot 
for  each  100  pounds  of  coal  burned  in  the  boiler  furnaces,  —  equal  to 
2.64  pounds  of  coal  per  dynamic  horse-power  per  hour, — and  a  capa- 
city of  5,000,000  Winchester  gallons  (of  231  cubic  inches  each)  in 
24  hours,  when  making  llf  double  strokes  per  minute. 

It  can  be  safely  and  conveniently  run  at  velocities  ranging  from 
5  to  16  revolutions  of  the  fly-wheel  per  minute.  The  actual,  or 
static  head,  is  159  feet ;  and  the  viitual,  or  dynamic  head,  when  the 
engine  is  making  9  revolutions  per  minute,  is  161  feet. 

This  engine  was  tested,  for  duty  and  capacity,  by  a  board  of 
experts,  consisting  of  Mr.  James  B.  Francis,  Mr.  William  E. 
Worthen,  and  the  writer,  in  July,  1873,  by  a  run  of  80  consecutive 
houre;  and  gave  a  duty  of  93,002,272  foot-pounds  per  100  pounds 
of  coal  burned,  and  191.8  mean  indicated  horse-power,  with  a  mean 
consumption  of  351  pounds  of  coal  per  hour,  equal  to  1.83  pounds 
of  coal  per  indicated  horse-power  and  per  hour. 

This  engine  was  constructed  by  Henry  G.  Morris  of  Philadelphia. 

Its  subsequent  performance  has  been  still  better.  During  10 
yeare  and  4  months,  from  Sept.  1,  1873,  to  Dec.  31,  1883,  the  duty 
in  foot-pounds  per  100  pounds  of  coal  burned  for  pumping,  without 
deduction  for  ashes  or  clinkers,  ranged  between  the  annual  mean-  of 
108,699,620  and  89,739,070,  with  a  general  mean  of  98,092,883. 

During  5  consecutive  years,  1875-1879,  the  mean  duty  on  the 
same  basis  was  104,155,452. 

During  9  years,  1875-1883,  the  duty  in  foot-pounds  per  100 
pounds  of  coal  burned  for  all  purposes,  including  warming  the 
engine-house  when  not  pumping,  without  deduction  for  ashes  or 
clinkers,  ranged  between  the  annual  mean  of  72,925,000  and  78,- 
757,528,  with  a  general  mean  of  77,017,984. 

PUMPING-ENGINE,    LYNN   WATER-WORKS. 

This  engine,  designed  by  Mr.  E.  D.  Leavitt,  jun.,  and  built  by 
I.  P.  Morris  &  Co.  of  Philadelphia,  in  1873,  presents  some  features 
then  quite  novel,  but  since  often  repeated. 
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and  drops  this  matter  on  the  succeeding  wide  shoal.  That  is,  any 
influence  towards  a  temporary  adjustment  of  the  river's  bed  to  a 
high  water  discharge  is  an  influence  which  is  adding  to  the  heights 
of  all  the  sand  bars  on  the  river.  ^  The  greater  the  stage,  the 
higher  the  bars  and  the  deeper  the  pools  become ;  and  so  far  is 
this  from  facilitating  the  discharge,  that,  in  the  language  of  the 
Secretary  of  the  Mississippi  River  Commission,  ^'  the  eflect  of  an 
approaching  flood  is  to  impede  its  own  discharge,  and  the  impedi- 
ment outlasts  the  flood."  An  example  of  this  action  is  found  in 
the  flood  of  1858  at  Columbus,  Ey.,  where  the  river  was  leveed. 
The  discharge  of  the  river  exceeded  1,100,000  cu.  ft.  per  second, 
four  times  from  December  to  June.  The  stages  at  which  the 
river  discharged  this  amount  were:  29.5  ft.,  82.5  ft.,  88.5  ft., 
and  85.0  ft.  on  a  rising  stage,  and  81.6  ft.,  84.7  ft.,  85.9  ft.  and 
86.  9  ft.  on  a  falling  stage. 

If  the  successive  differences  between  rising  and  falling  stages  at 
which  the-discharge  was  1,100,000  cu.  ft.,  be  taken  out  for  each  rise 
we  have,  2.1  feet,  2.2  feet,  2.4  feet  and  1.9  feet,  as  the  legitimate 
effect  of  the  change  from  a  rising  to  a  falling  condition. 

If,  however,  we  compare  the  first  and  last  rising  stages  when  the 
discharge  was  1,100,000  cu.  ft.,  we  find  that  in  June  it  required  a 
stage  5.5  feet  higher  to  discharge  this  water  than  it  did  the  pre- 
vious December.  Making  the  same  comparison  on  falling  stage 
we  find  a  difference  of  5.3  feet.  This  was  due  to  deterioration  of 
channel  caused  by  a  bailding  up  of  the  bars  or  weirs,  by  a  sufllc- 
ient  amount  to  raise  the  stage  5.5  feet  in  order  to  discharge  the 
same  amount. 

It  is  highly  probable  that  the  two  high  waters  of  1882  and  1888, 
in  the  Ohio  River  worked  such  detriment  to  the  channel  that  the 
flood  of  1884  was  raised  several  feet  higher  than  it  would  have 
been  had  the  same  amount  of  water  passed  in  1882. 

It  would  seem,  therefore,  that  in  the  river's  present  condition, 
there  is  no  evidence  that  a  conflned  flood  will  scour  out  its  bed  so 
as  to  facilitate  the  discharge,  and  there  is  considerable  evidence 
against  it.  If  the  river  flowed  between  straight,  parallel  banks, 
such  as  Capt.  Eads  has  constructed  at  the  mouth  of  the  river,  then 
there  could  be  no  such  thing  as  discontinuous  transportation  of 
sediment,  and  hence  no  alternate  scour  and  fill.  Then  concentra- 
tion of  volume  would  be  beneficial,  and  would  ultimately  lower  the 
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river  bed.  Bat  this  condition  of  things  can  .never  be  reached  on 
the  Mississippi  River,  and  hence  the  concentration  of  flood  volume 
will  ever  be  harmfhl  rather  than  helpfbl. 

It  follows  from  this,  that  if  an  additional  quantity  of  water  is 
confined  to  the  channel  in  time  of  flood,  we  must  provide  accommo- 
dation for  it  at  the  surface  rather  than  at  the  bottom  of  the  river. 
If  this  point  be  settled,  it  is  not  diflScult  to  approximate  to  the 
new  stage  to  pass  the  new  volume.  There  are  many  stations  on 
the  river  below  Cairo  where  discharge  observations  have  been  con- 
ducted for  one  or,  more  years.  If,  for  one  of  these  sections,  we 
plot  stage  and  discharge,  we  get  a  curve  showing  the  relation  of 
the  two  from  low  water  to  say  50  feet  above.  If  the  levees  be 
near  the  banks,  which  they  usually  are,  and  they  be  high  enough, 
to  confine  the  flood,  the  conditions  of  flow  will  not  be  materially 
changed  as  the  water  gets  above  the  bank.  If,  now,  we  know  what 
the  additional  quantity  will  be  to  confine  it  all,  we  could  simply 
extend  the  discharge  curve  until  we  reach  the  proper  volume,  and 
then  read  off  the  corresponding  stage.  The  only  uncertainties 
here  are  in  the  curve  itself,  which  may  not  rigidly  apply  for  another 
year  at  the  same  locality,  and  in  its  extension.  These  uncertainties 
may  have  a  maximum  value  of  several  feet,  and  yet  it  is  the  only 
argument  we  can  use,  and  it  will  give  approximate  results,  which 
are  more  likely  to  be  too  small  than  too  large.  If  the  heights  of 
levee  necessary  to  confine  such  a  flood  as  that  of  1882  be  found 
in  this  way,  and  the  additional  cost  estimated,  it  makes  an  item  of 
over  $50,000,000,  to  complete  the  levee  system  from  Cairo  to  the 
Gulf.    It  is  questionable  if  such  levees  ever  will  be  built.^ 

In  regard  to  putting  the  levees  farther  from  the  banks,  the  two 
main  objections  have  already  been  mentioned.  There  would  be  also 
little  advantage  from  increased  facility  of  discharge.  The  ground 
would  have  to  be  kept  clear  of  all  timber,  weeds,  and  undei^owth, 
or  else,  it  would  offer  very  poor  opportunities  for  discharge.  This 
could  hardly  be  done.  The  water  flowing  across  a  neck,  also, 
does  more  to  hinder  than  to  help  the  flow  around  the  bend,  by 
lessening  the  volume  in  the  channel. 

There  is  another  expedient  which  has  been  advocated,  which  ap- 
pears to  be  practicable,  but  for  which  there  are  yet  not  suflQcient 

*The  Miss.  RIv.  Com.,  in  their  report  for  188S,  estimate  this  cost  at  some  $11,000,000 
but  Qen.  C.  B.  Comstook,  President  of  the  Commission  dissents  fk'om  tliis  yiew. 
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dimensions,  as  will  appear  by  the  following  table.  Two  of  these 
engines  are  placed  side  by  side,  with  a  shaft  and  fly-wheel  in  com- 
mon, so  that  they  may  be  used  singly  or  both  together. 

I. 

TABLE   OF   DIMENSIONS  I     ENGINES. 

Diameters :  — 

High-pressure  cylinders,  inches 18 

Low-pressure  cylinders,  inches ^ 38 

Piston-rod,  high-pressure,  inches 3.5 

Piston-rod,  low-pressure,  inches 4 

Air-pump,  inches 15 

Main  water-pump,  barrel,  inches 26.125 

Main  water-pump,  plunger,  inches 18.5 

Pump  plunger-rod,  inches 4.5 

Bottom  and  supplementary  valves  outside  of  main  seat,  inches    .    .    .  15.75 

The  same  inside  of  main  seat,  inches 12.5 

Bucket  valves  outside  of  lower  seat,  inches  ^ 22 

The  same  inside  of  upper  seat,  inches 15 

Air-chamber,  inches 54 

Fly-wheel,  feet 30 

Length  of  stroke :  — 

Steam  and  water  pistons,  feet 8 

Air-pump,  inches 28 

Distance  between  end-centres  of  beam,  feet 16.5 

Lead  of  valves :  — 

High-pressure  admission  valves,  inches 0 

High-pressure  exhaust  valves,  inches tV 

Low-pressure  admission  valves,  inches iV 

Low-pressure  exhaust,  top,  inches 3^^ 

Low-pressure  exhaust,  bottom,  inches 4^^ 

Cushion :  — 

High-pressure  exhaust,  top,  inches 14i 

High-pressure  exhaust,  bottom,  inches 14J 

Low-pressure  exhaust,  top,  inches 4^ 

Low-pressure  exhaust,  bottom,  inches .  8i 

Volume  of  clearance  and  waste-room,  in  terms  of  volume  swept 
through  by  the  pistons  :  — 

High-pressure,  top '• 0256 

High-pressure,  bottom .        .0231 

Low-pressure,  top 0154 

Low-pressure,  bottom 0182 
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Connecting-pipe  between  cylinders,  referred  to  the  high-pressure  cylinder,       ,0992 

Weight  of  fly-wheel  (16  tons),  pounds 35,900 

Weight  of  beam,  pins,  and  counter  balance  (14i  tons),  pounds  .  .  25,700 
Weight  of  high-pressure  piston,  rod,  and  connections,  pounds  .  .  2,575 
Weight  of  low-pressure  piston  and  connections,  pounds     .    .    .    .    4,175 

Weight  of  air-pump  piston  and  connections,  pounds 1,800 

Weight  of  pump  plunger-bucket,  pounds 7,200 

Weight  of  main  connecting-rod,  beam  to  crank,  pounds  ....  3,800 
Total  weight  of  reciprocating  parts,  pounds 45,250 

Boilers :  — 

Number  of  boilers 2 

Length  of  shell,  feet 25.46 

Length  of  mid-feather,  feet 12 

Length  of  combustion-chamber,  feet 3 

Length  of  tubes,  feet 10 

Diameter  of  tubes,  inside,  inches 3 

Number  of  tubes 80 

Diameter  of  cylindrical  shell,  feet 5.25 

Width  of  each  tire-grate,  inches   •  • 34 

Length  of  each  grate,  inches 60 

Number  of  grates 4 

Total  fire-grate  area,  square  feet 56.67 

Length  of  steam-dnun  for  both  boilers,  feet 12.5 

Diameter  of  steam-drum,  inches 24 


The  boilers  were  designed  expressly  for  this  engine.  They  have 
interior  fire-boxes,  divided  by  a  "mid-feather"  into  two  furnaces 
in  each  boiler ;  this  mid- feather  extends  back  1 2  feet,  beyond  which 
a  combustion-chamber  extends  3  feet  to  the  flue-sheet. 

The  gaseous  products  of  combustion  pass  from  the  combustion- 
chamber  through  80  flues  10  feet  in  length  and  3  inches  in  diameter 
inside,  and  return  beneath  the  boiler  nearly  to  the  ash-pit,  where  they 
pass  downward,  laterall}',  into  a  depressed  flue  leading  to  the  chimney. 

A  trial  of  this  engine  for  duty  and  capacity  was  made  May  2, 
to  May  6,  1876,  by  a  board  of  experts,  consisting  of  William  E. 
Worthen,  Joseph  P.  Davis,  and  the  writer,  with  an  adequate  num- 
ber of  trained  assistants. 

The  run  of  one  engine  by  itself  was  divided  into  two  periods  of 
22  hours  and  35  hours  respectively,  with  an  interval  of  one  hour  and 
34  minutes,  caused  by  the  accidental  blowing-out  of  a  pipe  for  attach- 
ing an  indicator  to  the  pump-chambei*s. 

A  run  of  34  hours  was  then  made  with  the  engines  coupled 
together. 

Weir  measurements  were  made  of  the  quantity  of  water  delivered 
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to  the  resenoir ;  which  showed  a  loss  of  action  in  the  pumps,  from 
their  estimated  capacity,  of  5.2  per  cent. 

The  contract  requirements  were,  for  capacity,  2,000,000  gallons 
(of  231  cubic  inches)  in  10  hours,  for  each  engine;  and,  for  duty, 
95,000,000  foot-pounds  for  every  100  pounds  of  best  Cumberland 
(semi-bituminous)  coal  consimied  in  the  furnaces. 

In  determining  the  dutj^  the  quantity  of  water  pumped  was  to 
bo  ascertained  by  adding  to  the  quantity  measured  at  the  weir,  5  per 
cent  of  the  same  for  loss  of  action  in  the  pump,  —  a  quantity  almost 
exactly  coincident  with  the  observed  difference  between  the  estimated 
and  measured  delivery. 

The  resistance,  or  "  lift,"  was  to  be  ascertained  by  adding  to  the 
mean  pressure  observed  in  the  rising  main,  at  a  point  within  100  feet 
of  the  engine-house,  the  pressure  corresponding  to  a  water  column 
equal  in  height  to  the  vertical  distance  from  the  mean  level  of  the 
water  in  the  pump-well  to  the  level  of  the  pressure-gauge  on  the 
rising  main,  increased  by  1  pound  to  compensate  for  resistances 
within  the  suction-pipe  and  pump.  So  determined,  the  dynamic  lift 
was  fix)m  1G5  to  174  feet. 

The  force-main  was  30  inches  in  diameter,  and  4,900  feet  long ; 
with  branches  from  engines  to  main,  24  inches  in  diameter  and  75 
feet  long. 

During  the  first  and  second  tests,  when  one  engine  was  run  singly, 
l)oth  boilers  were  used  ;  but  the  fire-grate  area  was  reduced,  b}' means 
of  a  wall  of  fire-brick  built  on  the  grates  at  the  rear  end,  to  an  aggre- 
gate area  of  47  square  feet. 

When  both  engines  were  run,  during  the  third  test,  the  bricks 
were  removed,  and  the  aggregate  area  of  the  fire-grates  was  56.67 
square  feet. 

Since  the  steam  pressure  and  the  speed  of  the  engine  were  nearly 
constant,  the  state  of  the  fire  at  any  given  time  could  be  well  in- 
ferred from  the  rate  of  firing  during  a  certain  period  before  and 
after  that  time,  by  inspection  of  a  chart  or  diagram,  on  which  inter- 
vals of  time  l)etween  firings  were  represented  by  abscissa?,  and  quan- 
tities of  coal  fired  by  ordinates ;  and  the  beginning  and  ending  of 
the  i>eriods,  of  22  hours  and  35  hours  for  one  engine,  and  of  34 
hours  for  both  engines,  were  determined  in  this  manner. 

The  water  condensed  from  steam  of  boiler-pressure  in  the  jackets 
of  both  cylinders  of  one  engine  was  found,  by  measurement  after 
the  test  was  over,  to  be  338.85  pounds  per  hour,  equivalent  to  the 
evaporation  from  feed-water  temperature  of  100**  Fah.  under  mean 
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boiler-pressure,  of  271.08  pounds.     This  is  about  10  per  cent  of  the 
quantity  which  passed  out  per  hour  as  exhaust  steam. 

The  rate  of  combustion  and  evaix)ration  is  exhibited  in  the  fol- 
lowing table  of  the  performance  of  the  boilers. 


TABLE  n. 
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The  "  lift,"  as  determined  according  to  the  terms  of  the  contract, 
was,  during  the  22  hours  run,  75.96  X  2.31  =  175.47  feet. 

The  weight  of  a  gallon  (231  cubic  inches)  of  water,  estimated 
from  the  determination  of  its  specific  gravity  by  Mr.  Hasenclever, 
was  8.38  pounds. 

The  quantity  of  water  delivered  over  the  weir  into  the  reservoir 
was  4,527,340  gallons,  which,  increased  by  5  per  cent  of  itself  for 
loss  of  action  of  the  pump,  becomes  4,753,707  gallons  lifted  by  the 
engine.  This  multiplied  by  the  weight  of  a  gallon,  4,753,707  x  8.38 
=  39,836,064  pounds  lifted  175.47  feet;  and  39,836,064  x  175.47 
=  6,990,034,150  foot-ix)unds  raised  by  the  consumption  of  7,266 
pounds  of  coal;  and  6,990,034,150  -*-  7,266  =  962,019  foot-pounds, 
as  the  duty  of  one  pound  of  coal,  equal  to  96,201,900  foot-pounds 
per  100  pounds  of  coal. 

Estimated  in  the  same  manner,  the  duty  during  the  35  hours'  run 
was  5^6,177,600  foot-pounds,  and  for  the'^  whole  57  hours  the  mean 
was  96,186,979  foot-pounds  per  100  pounds  of  coal.  During  the  34 
hours'  run  with  the  two  engines  coupled  together,  the  duty  was  98,- 
261,700  foot-pounds  per  100  pounds  of  coal. 

This  shows  that  the  performance  of  1  dynamic  horse-power  1 
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hour  required  the  consumption  of  2.06  pounds  of  coal  in  the  same 
time  for  the  single  engine.  Estimated  per  indicated  horse-power, 
by  the  mean  of  indicator  diagrams  taken,  the  consumption  was  1.69 
pounds  per  1  horse-power  per  hour. 

It  therefore  appears  that  the  work  done  by  the  engine,  as  meas- 
ured by  the  dynamic  effect  upon  the  water  lifted,  was  82  per  cent  of 
the  indicated  power;  and  that  the  loss  by  frictions  of  engine  and 
pump  was  18  per  cent. 

It  appeal's  from  the  reports  of  the  Lawrence  Water  Board,  that 
for  the  5  years  1879-1883,  the  performance  was  still  better.  The 
mean  for  the  o  years  is  as  follows :  Duty  in  foot-pounds,  calcu- 
lated on  all  the  coal  used  for  all  purposes,  inchiding  warming  the 
engine-house,  and  without  the  addition  for  frictions  in  suction-pipe 
and  pump  of  the  1  pound  per  square  inch  allowed  at  the  test,  and 
without  deduction  for  ashes  and  residue,  was,  per  100  pounds  of  coal, 
98,318,516  foot-pounds. 

During  the  same  period  of  5  years,  the  duty  calculated  on  all  the 
coal  used  for  starting  and  banking  fires  and  for  pumping,  but  not 
for  warming  the  engine-house  when  the  pumps  were  not  running, 
without  addition  for  frictions  in  suction-pipe  and  pump,  and  without 
deduction  for  ashes  or  residue,  was,  per  100  pounds  of  coal  con- 
sumed, 102,120,127  foot-pounds. 

An  independent  and  impartial  test  of  this  engine  was  made  in 
July,  1879,  by  Mr.  Richard  H.  Buel  of  Mr.  Park  Benjamin's  scien- 
tific expert  oflSce,  New  York,  preparatory  to  inserting  a  description 
of  the  engine  and  an  account  of  its  performance  in  a  new  edition  of 
Appleton's  Cyclopaedia  of  Applied  Mechanics,  then  in  preparation 
under  the  editorship  of  Mr.  Park  Benjamin. 

This  test  was  reported  with  great  minuteness  and  clearness,  and 
bears  evident  marks  of  intelligent  care. 

The  duty  so  ascertained,  without  addition  for  frictions  in  suction- 
pipe  and  pump,  and  without  deduction  for  ashes  and  residue,  w^as,  in 
foot-pounds  for  every  100  pounds  of  coal  consumed,  111,548,925. 

PUMPING-ENGINES   AT  THE   SEWAGE-PUMPING   STATION  IN   BOSTON. 

These  two  engines,  desgined  by  Mr.  E.  D.  Leavitt,  jun.,  are 
compound  beam-and-fly- wheel  engines,  with  vertical  inverted  cylin- 
ders, having  their  pistons  connected  to  opposite  ends  of  the  beam, 
and  moving  in  opposite  directions,  each  giving  motion  by  a  pro- 
longation of  its  piston-rod  to  the  plunger  of  a  single-acting  pump 
below  it. 
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The  cylinder  diameters  are :  — 

High-pi-essure,  25.5  inches ;  low-pressure,  52  Inches ;  pump- 
plunger,  48  inches ;  and  the  stroke,  common  to  all,  is  9  feet. 

Both  cylinders  are  thoroughly  steam-jacketed  on  sides  and  ends ; 
and  the  exhaust  steam  from  the  high-pressure  cylinder  passes,  on  its 
way  to  the  low-pressure  cylinder,  through  re-heaters  filled  with  tubes 
containing  high- pressure  steam. 

The  boilers  and  the  engines  are  designed  for  steam  of  100  pounds 
pressure  per  square  inch  above  the  atmosphere.  The  engines  are  in- 
tended to  run  12  revolutions  per  minute.  They  have  been  in  opera- 
tion since  Jan.  1,  1884;  and  during  17  weeks  from  Jan.  26  to 
May  24,  pumped  a  daily  mean  quantity  equal  to  28,466,314  Win- 
chester gallons  against  a  mean  head  of  35  to  36  feet. 

The  daily  consumption  of  coal,  with  15.59  per  cent  refuse,  was 
15,590  iK>uuds ;  but  an  unknown  quantity  of  steam  was  used  to 
keep  reserve  Worthington  pumps  in  running  order,  and  to  do  some 
pumping  with  them,  and  for  other  purposes,  so  that  the  data  are  too 
inexact  to  afford  a  basis  for  the  calculation  of  duty.  It  is  to  be 
hoped  that  the  city  of  Boston  may  contribute  the  results  of  a  well- 
conducted  test  of  these  important  engines  to  engineering  science,  in 
a  manner  to  commend  itself  to  general  confidence. 


*'  SUPERIOR. 


f » 


A  hoisting-engine  designed  b}'  Mr.  E.  D.  Leavitt,  jun.,  for  the 
Calumet  and  Uecla  copper-mine  at  Calumet,  Houghton  County, 
Mich.,  and  built  by  the  I.  P.  Morris  Company,  Philadelphia,  in 
1881,  bears  the  above  significant  name. 

This  fine  engine  forms  the  subject  of  a  paper  by  its  designer, 
read  before  the  American  Society  of  Mechanical  Engineers  at  the 
Hartford  meeting  in  May,  1881 ;  published  in  the  Transactions  of  the 
Society,  vol.  ii.  pp.  106-121 ;  and  republished,  with  all  the  illustra- 
tions, in  the  American  Machinist,  vol.  iv.,  No.  26,  June  25,  1881. 

Only  the  briefest  summary  of  its  dimensions  and  constructive 
features  will  be  here  given. 

The  cylinders  are  respectively  40  and  70  inches  in  diameter,  ver- 
tical, 9  feet  apart  between  centres,  and  have  each  a  stroke  of  6 
feet,  which,  with  a  speed  of  60  revolutions  per  minute,  gives  a 
piston  speed  of  720  feet  per  minute. 

The  normal  boiler-pressure  is  135  pounds  per  square  inch  above 
atmosphere,  equal  to  10.19  atmospheres  absolute,  with  initial  pressure 
very  little  less,  full  admission  to  the  point  of  cut-off,  and  prompt 
suppression. 
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The  valves  are  gridiron  slides,  four  for  each  cylinder,  with  16 
ports  each,  and  have  only  one  inch  travel.  The  admission  valves 
of  the  high-pressure  cylinder  are  under  the  control  of  a  sensitive 
Porter  governor,  but  are  actuated  by  the  piston  of  a  small  sub- 
sidiary steam-engine,  automatically  adjusted  by  the  governor,  giving 
a  range  of  admission  of  from  0  to  .6  of  stroke. 

The  low-pressure  inlet- valves  are  set  to  close  at  35  inches, — 
equal  to  48.61  per  cent  of  stroke.  All  the  cams  for  moving  the 
valves  are  placed  on  a  cam-shaft  carried  in  brackets  secured  to  the 
side  of  the  main  bed-plate,  and  also  8up|X)rted  from  the  engine 
foundation,  and  driven  by  mitre-gears  from  the  crank-shaft,  which 
is  of  hammered  steel,  18  inches  in  diameter,  and  45  feet  long,  with 
journals  32  inches  long. 

The  crank-pin  journal  is  18  inches  in  diameter,  and  24  inches 
long.  Two  re-heaters,  one  at  each  end,  are  placed  between  the 
cylinders,  each -having  941  brass  tubes  |  inch  diameter,  -^  inch  in 
thickness,  and  60  inches  long,  presenting,  therefore,  an  aggregate 
tube-surface  of  1,540  square  feet,  equal  to  14  per  cent  of  the  heat- 
ing surface  of  the  boilers. 

These  tubes  are  filled  with  steam  of  boiler-pressure,  and  the 
passing  steam  is  so  guided  among  them  by  deflectors  as  to  make 
all  the  tube-surface  effective. 

Steam  is  supplied  by  five  locomotive  boilers,  presenting  in  the 
aggregate  260  square  feet  of  fire-grate  area,  and  11,000  square  feet 
of  water-heating  surface,  —  a  ratio  of  42.3  to  1 ;  and  2.34  square 
feet  of  heating-surface  for  each  indicated  horse-power  at  the  maxi- 
mum, 4,700  indicated  horse-power,  when  cutting  off  at  half  stroke 
in  the  high-pressure  *  cylinder ;  an  effort  only  required  occasionally 
for  short  periods,  when  all  the  skips  are  at  the  bottom  of  the  mine 
together. 

The  boilers  are  33.4  feet  in  extreme  length,  110.5  inches  wide 
at  bottom  of  fire-box,  96.56  inches  high  over  the  fire-box,  and  84 
inches  in  diameter  inside  of  the  barrel,  which  has  double  and  treble 
riveted,  double-fished  butt-joints. 

Each  boiler  has  two  furnaces  8  feet  long,  4  feet  wide,  and  5.52 
feet  high  above  base  ring ;  a  combustion-chamber  2.92  feet  long  in 
rear  of  each  furnace,  and  a  common  combustion -chamber  for  the 
two  furnaces  4.08  feet  long  to  the  tube- sheet ;  and  118  iron  tubes 
3.5  inches  in  diameter  outside,  and  18  feet  long  between  the  tube- 
sheets. 

The  plates  are  all  of  best  open-hearth  steel,  -^  inch  thick  in  the 
furnaces,  and  ^^^  inch  in  the  barrel  and  fire-box  casing. 
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There  is  no  brick  setting,  but  the  outside  is  carefully  clothed  with 
non-conducting  materials.  There  has  been  no  regular  test,  save  the 
test  of  daily  performance,  which  is  highly  satisfactory.  Indicator 
diagrams  taken  in  regular  work  are  very  beautiful. 

PUMPING-ENGINE,    PAWTUCKET,    B.I. 

This  engine,  designed  by  Mr.  George  H.  Corliss,  and  built  by 
the  Corliss  Steam-Engine  Company,  Providence,  is  a  horizontal, 
compound,  receiver  engine,  with  its  cylinders  placed  side  by  side, 
but  separated  by  the  length  of  the  crank-shaft,  as  in  ordinary 
double  or  two-cylinder  engines. 

The  cylinders  are  respectively  15  and  30  inches  in  diameter,  and 
the  stroke,  common  to  both,  is  30  inches.  The  pump-pistons  have 
a  stroke  also  of  30  inches,  and  a  diameter  of  10.52  inches,  and  are 
keyed  upon  prolongations  of  the  piston-rods  of  the  engines,  which 
extend  through  the  pumps  to  cross-heads  running  in  forked  slides 
cast  in  one  piece  with  the  pump-heads  farthest  from  the  steam 
cylinders. 

The  cylinders  are  sustained  by  hollow  legs  at  their  ends,  which 
mask  the  steam  and  exhaust  pipes.  The  pump-barrels  are  enclosed 
in  firm  rectangular  plinths,  which  are  securely  connected,  by  ties 
and  struts,  with  the  steam-cylinders. 

Eeetangular  dies,  resting  on  these  plinths  and  firmly  secured  to 
them,  serve  as  valve-casings,  and  air-chambers  for  the  pumps,  and 
as  supports  for  the  crank-shaft  boxes,  the  centre  of  the  crank-shaft 
being  9  feet  8  inches  above  the  floor  of  the  engine-room.  Short  con- 
necting-rods, or  front-links,  6  feet  2  inches  in  length,  which  extend 
from  the  cross-heads  to  wrist-pins  in  the  forked  upper  extremities 
of  cast-iron  rockers,  give  these  rockers  a  reciprocating  motion  uix)n 
centres  6  feet  2  inches  below. 

These  rockers  spread  out  at  the  upper  end  to  a  width  sufficient  to 
take  in  two  pins  5  feet  apart  between  centres,  to  each  of  which  two 
wrought-iron  rods  are  secured,  the  four  rods  of  each  set  meeting  at 
their  upper  ends,  where  they  are  united  by  a  pin  which  serves  as  the 
wrist-pin  for  one  end  of  a  connecting-rod  12  feet  6  inches  long, 
extending  to  the  wrist-pin  of  a  crank  on  the  fly-wheel  shaft. 

Each  set  of  four  rods,  in  connection  with  the  cast-iron  rocker  at 
their  base,  forms  a  rigid  extension  of  the  rocker  upwards  to  just 
twice  the  height  of  the  cast-iron  portion,  so  that  the  two  cranks  on 
the  fly-wheel  shaft,  which  are  set  at  right  angles,  are  30  inches  in 
length,  equal  to  the  stroke  of  the  steam  and  water  pistons. 

A  strong  brace  extends  downward  from  each  die,  in  a  direct  line 
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from  the  crank-shaft,  at  an  angle  of  45  degrees,  to  the  sole-plate 
near  the  supports  for  the  lower  ends  of  the  rockers. 

The  fly-wheel,  18  feet  in  diameter,  running  entirely  above  the 
floor,  has  a  flat  face  12  inches  wide  and  2  inches  thick,  with  a  cen- 
tral rib  5  inches  wide,  and  is  properly  very  light,  as  it  has  very  little 
to  do. 

All  parts  of  the  steam-cylinders,  covers,  and  valve-chests,  are 
steam- jacketed ;  bat  live  steam  is  not  introduced  into  the  pistons. 
Normal  boiler-pressure  is  125  pounds  per  square  inch  above  the 
atmosphere,  and  expansion  in  both  cylinders  is  about  twenty-fold. 

Water  resulting  from  condensation  in  the  jacket  of  the  high- 
pressure  cylinder  is  returned  directly  to  the  boilers ;  and  the  drainage 
from  the  receiver,  including  that  from  the  jacket  of  the  low-pressure 
cylinder,  is  re-eva]X)rated  and  superheated  by  passing  through  tubular 
re-heaters  in  the  smoke-flues,  and  returned  as  superheated  steam  to 
the  receiver.  The  valves  and  valve-gears  are  all  of  Mr.  Corliss's 
well-known  construction. 

Steam  is  furnished  by  three  of  Mr.  Corliss's  patent  upright  tubu- 
lar boilers,  each  4  feet  in  diameter  and  14  feet  long,  of  the  same 
form  and  arrangement  as  those  which  furnished  steam  for  the  Corliss 
engine  at  the  Centennial  Exhibition  in  1876. 

Each  boiler  has  560  square  feet  of  heating-surface,  and  19.63 
square  feet  of  fire-grate  area.  The  escaping  gases  of  combustion 
pass  for  a  considerable  distance  through  tubes  suirounded  b}'  steam, 
and  doubtless  cause  a  good  deal  of  superheating. 

Two  distinct  tests  of  this  engine  were  made  by  Mr.  Walter  H. 
Sears,  chief  engineer  of  the  Pawtucket  Water- works,  and  Mr.  Isaac 
R.  Scott,  president  of  the  water  board  of  Waltham,  Mass. ;  one  of 
10  hours  per  day  dunng  two  weeks,  Tuesday,  Aug.  6,  to  Monday, 
Aug.  19,  1878,  excluding  the  two  intervening  Sundays,  Aug.  11  and 
18. 

The  total  run  was  therefore  120  hours,  in  12  periods  of  10  hours 
each,  with  9  intervals  of  14  hours  each,  and  2  of  36  hours  each. 
The  wood  used  for  kindling  fires,  2,126.5  pounds  (89  pounds  each 
day  to  each  boiler),  was  estimated  as  coal  at  45  per  cent  of  its 
weight,  equal  to  957  pounds  of  coal,  which  added  to  6,521  pounds  of 
coal  used  in  starting  fires  (271  pounds  per  day,  per  boiler)  makes 
7,478  pounds  of  coal,  equal  to  311  pounds  of  coal  per  day  for  each 
boiler,  principally  consumed  b}*  reason  of  the  intervals  when  the 
engine  was  at  rest. 

The  coal  used  for  pumping  was  26,598.5  pounds ;  and  all  the  coal 
used  for  starting  fires  and  pumping,  including  the  estimated  coal- 
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value  of  the  wood,  was  34,076.5  pounds,  of  which  22  per  cent  was 
used  in  starting  fires.     (Only  two  boilers  were  used  in  this  test.) 

The  duty,  calculated  upon  the  capacity  of  the  pumps,  the  mean 
resistance,  and  the  whole  number  of  pump-strokes  for  each  100 
pounds  of  coal  consumed,  without  deduction  for  ashes  and  residue, 
was  104,357,654  foot-pounds. 

A  weir  measurement,  made  Aug.  28,  1878,  revealed  a  loss  of 
action  of  4.12  per  cent,  which  was  subsequentl}'  much  reduced  by  a 
change  of  valves. 

The  other  test,  of  24  consecutive  hours'  duration,  begun  Oct.  3, 
1878,  at  9  o'clock  a.m.,  gave  a  duty,  calculated  on  the  capacity, 
mean  resistance,  and  number  of  strokes  of  the  pump,  of  133,522,060 
foot-pounds  for  each  100  pounds  of  coal  burned  while  pumping, 
without  deduction  for  ashes  or  residue.  In  this  test,  all  three  boilers 
were  used. 

These  results,  which  I  see  no  reason  to  question,  are  the  more 
remarkable  when  the  small  size  of  the  engine,  and  its  low  speed,  are 
taken  into  consideration.  The  space  swept  through  by  the  piston  at 
each  revolution,  or  double  stroke,  is,  for  the  high-pressure  cylinder, 
only  6  cubic  feet,  —  for  both  cylinders,  only  30  cubic  feet ;  and  at  the 
normal  speed,  52  revolutions  per  minute  (the  actual  speed  at  the 
tests  was  51.8),  the  velocity  of  the  piston  was  only  260  feet  per 
minute. 

Sets  of  diagrams  from  these  cylinders  show  close  conformity  to 
normal  action  of  the  highly  expanded  steam. 

Confirmation  of  the  accuracy  of  the  results  above  given  is  to  be 
found  in  the  fourth  annual  report  of  the  water  commissioners  and 
superintendent  of  water-works  of  the  town  of  Pawtucket,  dated 
Feb.  1,  1884.  A  table  is  there  given  in  detail  of  the  performance 
of  this  engine  for  each  of  the  twelve  months  ending  Dec.  31,  1883, 
of  which  the  sums  and  means  for  the  year  are  subjoined. 

Number  of  days  when  pumping  was  done,  per  month,  23.1      .    .  2T7.2 

Total  number  of  hours' pumping 3,862  h.,  49  m. 

Hours  and  minutes  per  month 321  h.,    4  m. 

Hours  and  minutes  per  day 13  h.,  54  m. 

Total  number  of  revolutions 10,608,618 

Revolutions  per  month 891,561 

Revolutions  per  day .  88,623 

Revolutions  per  minute 46.31 

Coal  consumed:  pounds,  starting  fires 181,800 

Banking  fires 72,300 

Starting  and  banking  fires 264,100 

Warming  engine-house   •    •    • w  18,941 
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Consumed  when  not  pumping • 273,041 

Consumed  in  pumping 660,865 

Total  coal  consumed 933,906 

Total  number  of  gallons  pumped  in  12  months 441,061,225 

Mean  head  in  feet  against  the  pump,  no  allowance  for  fiictions 

in  suction 264.10 

Mean  duty  in  pounds  of  water  raised  1  foot  per  100  pounds  of 

coal  used  for  all  purposes,  no  deduction  for  ashes  and  residue,  106,203,760 
Mean  duty  in  pounds  of  water  raised  1  foot  per  100  pounds  of 

coal  used  for  all  purposes  except  warming,  no  deduction  for 

ashes  and  residue 108,402,320 

HORIZONTAL   COMPOUND   ENGINE. 

In  the  Nourse  Mill  of  the  Social  ManufaeturiDg  Company,  Woon- 
socket,  R.I. 

This  engine,  designed  by  Mr.  George  H.  Corliss,  and  built  by  the 
Corliss  Steam  £ngine  Company  under  a  guaranty  to  run  a  j'ear  with 
a  consumption  of  no  more  than  1.75  pounds  of  coal  per  horse-power 
and  per  hour,  —  all  the  coal  fired  during  the  j'ear  for  supplying  this 
engine  with  steam  being  divided  by  the  mean  indicated  horse-power 
and  by  the  number  of  hours'  run  of  the  engine,  —  is  a  fine  example 
of  its  class. 

It  is  a  tandem,  receiver,  double  engine,  combining  the  effort  of 
the  two  pair  of  pistons  upon  a  single  fly-wheel  shaft  with  cranks  set 
"quartering."  The  cylinder  diameters  are  respectively  20  and  36 
inches.  The  length  of  stroke  common  to  both  is  6  feet,  and  there 
is  a  space  of  about  4  feet  between  the  end-casings  of  the  two  cj-lin- 
dera,  to  give  access  to  the  low-pressure  piston. 

The  connecting-rod  is  18  feet  in  length,  so  that  the  entire  engine, 
from  the  centre  of  crank-shaft  to  the  outer  end  of  the  high-pressure 
cylinder,  occupies  a  length  of  about  42  feet.  The  fly-wheel  is  30 
feet  in  diameter,  and  has  a  rim  110  inches  wide  with  four  belt-faces. 
The  weight  of  the  fly-wheel,  crank-shaft,  cranks,  and  eccentrics,  is 
about  54.5  tons,  say  120,000  pounds. 

The  normal  speed  is  57  revolutions  per  minute  ;  so  that  the  velocity 
of  the  pistons  is  684  feet  per  minute,  and  that  of  the  belt  92  feet 
more  than  a  mile  per  minute. 

The  weight  of  the  reciprocating  parts  is  7,711  pounds,  and  at 
normal  speed  their  momentum  is  equal  to  19.38  pounds  pressure  per 
square  inch  on  the  area  of  both  pistons. 

The  normal  boiler-pressure  is  110  pounds  per  square  inch  above 
the  atmosphere ;  and  about  8  pounds  pressure  above  atmospliere  is 
carried  in  the  receiver. 
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Both  cylinders  are  steam-jacketed  all  around  their  sides  and  ends, 
—  the  high-pressure  cj'linder  directly  from  the  boiler,  the  low-press- 
ure from  the  receiver ;  and  in  both,  steam  is  admitted  by  the  induc- 
tion-valves to  the  cylinders  from  the  jackets. 

The  cylinders  are  supported  by  hollow  legs  at  each  end,  which 
mask  the  descending  exhaust-pipes.  Each  cylinder  has  a  projecting 
zone  around  it  in  the  middle  of  its  length,  about  14  inches,  length- 
wise of  the  cylinder,  projecting  about  7.5  inches  all  around  beyond 
the  jacket-casing,  which  senses  the  double  purpose  of  providing  for 
unequal  expansion,  and  of  taking  in  steam  and  drawing  out  water 
conveniently. 

Steam  from  the  boilers  is  admitted  to  the  jacket  of  the  high- 
pressure  cylinder  at  the  top  ;  and  water  formed  by  the  condensation 
of  steam  in  this  jacket  is  drawn  out  at  the  bottom,  and  pumped 
directly  back  to  the  boilers. 

It  is  obvious,  from  the  construction  and  setting  of  the  boilers 
(hereafter  described),  that  the  steam,  even  on  entering  the  jacket, 
may  be  to  some  extent  superheated:  but  a  considerable  quantity 
must  be  condensed  in  this  jacket ;  since  the  expansion  in  this  cylin- 
der is  about  5-fold,  and  the  mean  internal  temperature  necessarily 
considerably  below  that  of  initial  steam. 

The  exhaust-pipes  from  the  high-pressure  cylinder,  with  a  pipe 
about  12  inches  in  diameter  which  receives  the  steam  from  these 
pipes,  and  conducts  it  to  the  middle  of  the  length  of  the  low-pressure 
cylinder,  where  it  enters  the  jacket  of  this  cylinder  at  the  bottom, 
and  this  jacket  itself,  constitute  the  receiver,  in  which  the  pressure 
varies  but  slightly. 

The  expansion  in  the  low-pressure  cylinder  is  almost  4-fold,  so 
that  the  whole  expansion  in  both  cylinders  is  18  to  20  fold.  Steam 
for  warming  the  mill,  for  water-pots  in  the  weaving-room,  and  for 
all  other  purposes  except  for  the  slashers  (for  which  steam  is  taken 
directly  from  the  boilers),  is  drawn  from  the  receiver,  so  that  less 
steam  enters  the  second  cylinder  than  is  discharged  from  the  first  : 
as  it  is,  however,  the  effective  power  developed  in  the  two  cj'linders 
is  v^ry  nearly  equal. 

The  drainage  from  the  receiver,  which,  it  will  be  remembered, 
includes  the  water  formed  by  condensation  in  the  jacket  of  the  low- 
pressure  cylinder,  is  pumped  through  a  set  of  tubular  heaters  at  the 
top  of  the  descending  flues  from  the  boilers,  where  the  escaping 
gases  are  hottest;  and  returns  to  the  receiver  as  steam,  probably 
considerably  superheated. 

Similar  tubular  heaters,  located   immediately  under  those  last 
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mentioned,  receive  the  feed-water  on  its  way  to  the  boilers,  and  raise 
its  temperature,  probably  to  that  corresponding  to  boiler-pressui'e. 
Feed-water  is  supplied  in  part  by  drainage  from  the  mill,  and,  for  the 
rest,  from  the  hot- well. 

At  present,  one  engine  only  is  in  place,  and  that  is  exerting  only 
about  400  indicated  horse-power  (four-fifths  of  its  normal  load) ;  but 
the  demand  for  power  is  gradually  increasing,  as  new  machinery  is 
started.  Of  the  nine  boilers  ultimately  to  be  erected,  —  eight  for 
regular  use,  and  one  to  be  held  in  reserve,  —  only  four  are  now  set  up. 
These  are  vertical,  64  inches  in  diameter,  and  14  feet  in  height. 

The  hot  gases  of  combustion  fill  a  space  around  the  shell  of  the 
boiler,  between  it  and  the  brickwork,  for  a  height  of  5  feet,  but  with- 
out direct  outlet.  They  pass  off  through  84  fines,  3  inches  in  exter- 
nal diameter  and  14  feet  long,  into  a  smoke-box  on  top  of  the  boiler, 
whence  they  flow  rearward  to,  and  downward  through,  first  the 
re-heater  for  the  drainage  of  the  receiver,  then  the  feed-water  heater, 
and  finally  down  through  a  vertical  brick  flue  to  a  horizontal  flue 
underground,  and. so  off  to  the  chimney. 

The  brick-work  around  the  cylindrical  shell  of  the  boiler  is  incased 
in  plate-iron  for  a  height  of  10  feet  6  inches  from  the  floor,  and  by 
a  cast-iron  cornice  for  another  foot,  which  cuts  off  infiltration  of  air ; 
and  the  shell  of  the  boiler  above  the  cornice  is  plastered  with  some 
heat-intercepting  material. 

The  fire-grates,  76  inches  in  diameter,  have  an  area,  in  the  aggre- 
gate, for  the  four  boilers,  of  126  square  feet ;  and  at  the  rate  of  1.75 
pounds  of  coal  per  indicated  horse-power  per  hour,  to  supply  steam 
for  500  horse-power  will  require  a  rate  of  combustion  equal  to  7.0 
pounds  per  square  foot  of  fire-grate  area  and  per  hour. 

The  ratio  of  water-heating  surface  to  fire-grate  area  is  about  24 
to  1 ;  that  of  steam-heating  surface  to  fire-grate  area,  about  9.3  to  1 ; 
and  the  total,  about  33.3  to  1 :  but  the  relative  proportions  of  water 
and  steam-heating  surface  will  depend  on  the  height  at  which  water 
is  carried.  The  gases  evidently  go  to  the  re-heaters  very  hot,  and 
may  not  be  very  effectually  cooled  on  passing  to  the  chimney. 

A  set  of  diagrams  was  taken  from  this  engine  by  the  writer,  May 
22,  1884  ;  and  a  set  taken  April  9,  by  Mr.  John  T.  Henthorne  of  the 
Corliss  Steam-Engine  Company,  has  since  been  furnished  by  him. 
When  the  first  set  was  taken,  no  steam  was  diverted  at  the  receiver 
from  the  low-pressure  cylinder.  A  little  was  so  diverted  when  the 
second  set  was  taken,  May  22. 
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TABLE 


OF    THE    QUANTITY    OF    STEAM    FOUND    AT   VARIOUS   PARTS   OF   STROKE   IN 

TWO  SETS  OF  DIAGRAMS. 


Taken  April  9, 1884, 

by  J.  T.  Henthome. 

Power :      394.32  indicated  horae^power. 

Taken  May  22, 1884, 

by  J.  C.  Hoadley. 

Power :      395.00  indicated  horse-power. 

Farts  of  Stroke. 

Pounds  of 
Steam. 

Parts  of  Stroke. 

Pounds  of 
Steam. 

Cut-off      .     .     .     0.150 

.59 
.74 
End     ....    1.00 
End  L.  P.  Cylinder. 

9.73 
11.22 
11.40 
11.47 
10.40 

Cut-off.     .     .     0,178 

.625 
.75 
End    ....    1.00 
End  L.  P.  Cylinder. 

9.97 

11.32 

•    11.85 

11.85 

10.57 

To  the  visible  quantity  must  be  added  the  quantity  condensed  by 
conversion  of  its  heat  of  vaporization  into  work,  and  the  quantity 
condensed  in  the  jacket  of  the  high-pressure  cylinder ;  and  doubt- 
less an  unknown  quantity  resulting  from  internal  surface  condensa- 
tion, which  must  make  the  total  quantity  about  16  to  16.5  pounds 
per  horse-power  per  hour,  quite  within  the  reasonable  duty  of  1.75 
pounds  of  coal. 

A  preliminary  test  of  a  week's  run  was  made  during  the  week 
ending  April  12, 1884  ;  from  a  report  of  which,  issued  b}'  the  Corliss 
Steam-Engine  Company,  the  following  abstract  is  taken. 

Fires  were  started  on  clean  grates  on  Monday  morning,  April  7, 
1884. 

Wood  used  for  kindling  fires,  8,344  pounds;  equivalent  at  40  per  cent 

to  coal,  pounds 1,337 

Coal  used  for  starting  fires,  pounds 18,350 

Coal  for  running,  pounds 27,722 

Total  quantity  of  coal,  and  coal  value  of  wood,  pounds 47,409 

Running-time  from  opening  to  closing  screw-valve,  hours     ....  67 

Mean  indicated  horse-power  from  364  cards  (1  in  11  minutes)    .    .    .  407.28 

Mean  speed,  revolutions  per  minute 56.62 

Of  the  6,777  pounds  of  coal  on  Saturday,  April  12,  3,330  pounds 
weight  was  picked  out  of  the  cinders  from  the  previous  days.  Omit- 
ting the  wood,  the  coal  used  was  a  little  less  than  1.69  pounds  per 
horse-power  per  hour. 
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vision  of  Mr.  Gcoi^e  W.  Weeks,  agent  of  the  mills,  a  member  of 
the  American  Society  of  Mechanical  Engiucei's,  well  known  to  the 
writer,  who  vouches  for  his  candor  and  intelligence. 

This  is  what  is  usually  called  a  ^^  double  engine,"  that  is,  a  pair 
of  engines,  right  and  left  hand,  with  a  flj'-wheel  and  shaft  in  com- 
mon, and  cranks  set  at  right  angles.  The  dimensions  are :  diameter 
of  cylinders,  26  inches ;  length  of  stroke,  5  feet ;  fly-wheel,  30  feet  in 
diameter,  6  feet  belt-face ;  air-pump,  34  inches  in  diameter,  12  inches 
stroke. 

The  cylinders  are  not  steam- jacketed.  Steam  is  supplied  by  five 
return-tubular,  externally  fired  horizontal  boilers,  60  inches  in  diam- 
eter outside  of  the  smaller  courses,  with  76  flues,  3.25  inches  outside 
diameter,  and  19  feet  8  inches  long ;  set  with  overhanging  smoke- 
box,  the  front  flue-sheets  being  about  in  the  plane  of  the  arch-fronts. 

Heating-surface 1345     X  5  =  6725     square  feet 

Fire-grate  area 28.5  X  5  =    142.5  square  feet 

Katio  of  heating-surface  to  fire-grate  area 47  to  1 

Steam-pressure  in  boiler,  in  pounds  per  square  inch  above  atmosphere,     87. 

Vacuum,  in  pounds  per  square  inch  below  atmosphere 13.02 

Mean  speed  of  engine  in  revolutions  per  minute 52.71 

Hean  piston-speed,  feet  per  minute 527.1 

Clearance,  in  terms  of  volume  swept  through  by  the  piston 0230 

The  test  was  continued  four  days,  and  sets  of  diagrams  were 
taken  six  times  each  day,  three  times  in  the  forenoon  and  three  in 
the  afternoon.  The  first  set  was  taken  soon  after  starting  the  engine, 
at  6.50  to  6.58  a.m. 

The  second  set  was  taken  between  8.06  and  9.34  a.m.  ;  the  third, 
between  9.48  and  11.12  ;  the  fourth,  between  2.02  and  3.06  p.m.  ;  the 
fifth,  between  2.48  and  3.44 ;  and  the  sixth,  between  4.03  and  4.48. 

The  least  power  observed  was  641.90  horae-ix)wer,  the  greatest 
703.35,  a  range  of  only  about  9  per  cent.  The  means  for  the  respec- 
tive days  were :  — 

Horse-power, 

First  day 684.13 

Second  day 666.92 

Third  day     .  ' 663.51 

Fourth  day 669.09 

Mean  of  all 670.91 

There  were  burned  under  the  boilers  from  6  o'clock  of  the  even- 
ing preceding  the  first  day  of  the  test,  to  6  o'clock  p.m.  of  the  last 
day,  when  the  test  ended,  57,000  pounds  of  coal,  which  yielded  4,600 
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pounds  of  dry  ashes  and  refuse,  leaving  52,400  pounds  of  com- 
bustible. 

Ratio  of  ash  to  coal,  8.07  per  cent.  The  houre  run  were  11 
hours  each  day,  44  in  all. 

Coal  per  hour,  pounds 1,205.45 

Coal  per  hour,  and  per  indicated  horse-power,  pounds 1.93 

Combustible  per  hour,  pounds 1,100.91 

Combustible  per  hour,  and  per  indicated  horse-power,  pounds     ...  1.77 

A  test  of  the  evaporative  efficienc}'  of  the  boilers  and  coal,  not 
simultaneous  with  the  engine-test,  but  some  time  before,  gave  an 
actual  evaporation  of  10.58  pounds  of  water  per  pound  of  coal 
burned  ;  or,  corrected,  by  estimate,  for  water  blown  off  during  the 
day,  and  water  pumped  in  at  night,  10.07  pounds. 

Computed  from  the  indicator-cards,  the  quantity  of  water  *'  visi- 
ble "  as  steam  was  equal  to  8.67  pounds  for  each  pound  of  coal 
burned  during  the  test,  which  would  indicate  the  presence  of  13.9 
per  cent  of  the  feed-water  in  the  liquid  form  in  the  cylinder. 

The  number  of  diagrams  taken  may  be  thought  too  few  to  give 
assurance  of  the  true  mean  of  the  power  during  the  44-hours'  iiin ; 
but  if  the  smallest  mean  be  taken,  that  for  the  third  day  (6G3.51 
indicated  horse-power) ,  the  coal  consumption  per  hour  and  per  indi- 
cated horse-power  becomes  1.95  pounds,  against  1.89  pounds  if  the 
lai'gest  mean-power,  that  for  the  first  day  (684.13  indicated  horse- 
power), be  taken. 

Again,  if  we  take  the  smallest  power  observed  during  the  four 
days,  at  4.03  to  4.05  p.m.  of  the  second  day,  641.90  indicated  horse- 
power, and  compare  the  result  with  that  obtained  by  using  the  largest 
observed  power,  at  9.31  to  9.34  a.3i.  of  the  first  da}',  703.35,  we 
have  respectively  2.02  and  1.84  pounds  per  indicated  horse-power 
and  per  hour,  each  differing  from  the  mean,  1.93,  onl}-  4.5  per  cent. 

Upon  the  basis  of  10  pounds  of  water  evaporated  under  actual 
conditions,  for  each  pound  of  coal  burned,  we  have  19.3  pounds  of 
feed-water  per  indicated  horse-power  and  per  hour ;  and  by  the  indi- 
cator cards,  16.73  pounds ;  so  that,  of  the  feed-water  supplied  to  the 
boilers,  86.7  per  cent  was  accounted  for  by  the  indicators,  and  13.3 
per  cent  was  present  as  liquid  water.  (Published  in  "  Cotton,  Wool, 
and  Iron,"  Boston,  Mass.,  Feb.  9-16,  1884.) 

During  the  year  ending  April  26,  1884,  the  coal  burned  in  the 
furnaces  of  these  boilers,  supplying  steam  for  all  purposes,  including 
3,070  hours  actual  running-time  of  this  engine,  at  670  indicated  horse- 
power, as  computed  from  numerous  indicator  diagrams,  amounted  to 
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1,967  tons,  equal  to  4,406,080  pounds,  which  gives  2.14  pounds  of 
coal  consumed  in  the  mill,  for  all  purposes,  for  each  indicated  horse- 
power exerted  one  hour. 

It  may  be  thought  that  too  much  space  has  been  given  to  this 
test ;  but  it  is  so  good  an  example  of  valuable  work  within  the  reach 
of  nearly  all  users  of  steam-engines,  that  it  has  been  thought  well  to 
bring  it  to  notice  in  this  manner. 

,  Tlie  Putnam  Mdchine  Company,  Fitchburg,  Mass.,  were  among 
the  earlier  manufacturers  of  an  excellent  class  of  automatic  cut-off, 
horizontal  engines,  of  medium  speed  and  moderate  power. 

Being  well  described  in  Tolhausen's  Uhland,  it  will  be  unneces- 
sary to  describe  them  here.  By  the  use  of  double-seated  popi>et- 
valves  and  an  ingenious  combination  of  cams  and  levers,  the  cut-off 
is  controlled  by  the  governor,  and  an  excellent  distribution  of  steam 
is  effected,  with  satisfactory  uniformity  of  speed. 

The  writer  has  occasionally  tested  an  engine  of  this  construction, 
12-inch  cylinder,  80-inch  stroke,  during  a  period  of  17  yeai-s,  and 
always  found  it  tight,  and  in  perfect  order,  almost  without  repairs. 

This  valve-gear  is  not  well  adapted  to  speeds  higher  than  dO  or 
100  revolutions  per  minute. 

Charles  H.  Broton  &  Co,,  also  of  Fitchburg,  by  means  of  gridiron 
slide  valves,  actuated  by  cams  and  levers,  and  detaching  mechanism 
controlled  by  the  governor,  obtain  very  prompt  and  full  admission, 
almost  instantaneous  cut-off,  and  free  release,  and  produce  indicator 
diagrams  almost  ideally  perfect. 

In  point  of  mechanical  execution  and  finish,  the  Brown  engines' 
are  singularly  be^iutiful,  and  in  all  the  higher  qualities  of  design  and 
proportion   they  are   excellent.     This  engine,  also,  is  described  in 
Tolhausen's  Uhland. 

Tlie  Fitchburg  Steam-engine  Company,  also  of  Fitchburg,  Mass., 
a  newer  enterprise,  is  now  making  an  automatic  cut-off  engine  of 
much  higher  order  than  the  small  vertical  engines  described  in  Tol- 
hausen's  Uhland. 

They  make  a  peculiar  form  of  centrifugal  governor  placed  on  the 
crank-shaft ;  a  kind  of  governor  which  has  gained  great  favor  witliin 
the  last  ten  years,  and  assumed  a  multitude  of  forms.  We  shall 
again  have  occasion  to  speak  of  this  governor. 

In  the  form  under  notice,  which  is  excellent,  the  eccentric  is 
guided  in  its  transverse  motion  across  the  shaft,  by  means  of  a  sort 
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of  parallel  motion,  consisting  of  two  levers  connected  with  ears  on 
opposite  sides  of  the  eccentric-block,  describing  equal  arcs  in  oppo- 
site directions ;  thus  avoiding  the  guides  used  in  some  other  forms, 
while  preserving  constant  lead  of  valve.  Weights  attached  to  these 
levers  exactly  counterbalance  the  weight  of  the  eccentric  and  its 
strap,  and,  in  vertical  engines,  the  weight  of  the  valve-rod  and  con- 
nections also,  in  all  positions,  leaving  the  eccentric  neutral  under  all 
the  impulses  of  the  governing  mechanism.  This  consists  of  weights 
on  arms  pivoted  to  opposite  sides  of  an  incasing  pulley,  connected 
by  rods  to  the  balancing-arms  already  mentioned,  acting  centrifugally 
with  a  force  proportioned  to  the  rapidity  of  revolution,  opposed\  by 
springs  which  act  centripetally  with  a  force  proportionecUto  the  com- 
pression produced  by  the  revolving- weights. 

These  forces  being  properly  adjusted,  so  as  to  be  in  equilibrium  at 
normal  speed,  this  speed  will  be  maintained  so  long  as  the  load  and 
the  mean  effective  pressure  of  steam  in  the  cylinder  remain  relatively 
unaltered. 

Any  increase  of  load,  with  steam-pressure  constant,  will  cause  a 
corresponding  diminution  of  velocity,  and  therefore  of  centrifugal 
force  in  the  weights,  and  give  a  preponderance  to  the  springs  acting 
centripetally,  so  as  to  turn  the  eccentric  to  delay  the  cut-off,  and  so 
to  increase  the  mean  effective  pressure.  On  the  other  hand,  any 
diminution  of  load  will  give  preponderance  to  the  centrifugal  force 
of  the  weights,  and  turn  the  eccentric  so  as  to  hasten  the  cut-off,  and 
reduce  the  mean  effective  pressure. 

When  a  single  piston-valve  is  used,  release  and  exhaust-closure  are 
affected  in  flie  same  sense  as  cut-off :  with  early  cut-off,  there  is  early 
release  and  early  closure  of  the  exhaust ;  and  with  later  cut-off,  both 
release  and  closure  are  retarded,  as  in  a  link-motion. 

The  single  valve  is  used  only  in  the  smaller  engines,  especially  in 
vertical  engines.  In  larger,  horizontal  engines,  from  9-inch  diameter 
and  24-inch  stroke  to  24-inch  diameter  and  48-inch  stroke,  two  pis- 
ton-valves are  used,  both  in  one  divided  steam-chest  at  the  side  of 
the  cylinder :  the  upper  valve,  double-ported,  controlled  by  the  gov- 
ernor, producing  admission  and  cut-off;  the  lower,  single-ported, 
moved  by  an  ordinarj'  eccentric,  controlling  release  and  compression. 

Only  moderate  speeds  are  calculated  on,  —  75  revolutions  per 
minute  for  48-inch  stroke,  and  125  revolutions  for  24-inch  stroke, 
corresponding  to  600  feet  per  minute  piston-speed  in  the  former  case, 
and  500  feet  in  the  latter.  No  scientific  tests  of  these  engines  have 
been  made ;  but  diagrams  taken  from  them  are  excellent,  and  they 
bear  a  good  reputation. 
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William  A.  Harris^  Providence,  R.I.,  has  long  manufactured  a 
class  of  steam-engines,  which,  under  the  name  of  Harris-Corliss 
engines,  frankly  recognize  their  indebtedness  to  Mr.  George  H.  Cor- 
liss, but  with  sufficient  modification  of  detail  to  justify  the  qualifying 
prefix  of  Mr.  Han-is' s  name. 

A  paiticular  description  of  the  modifications  introduced  by  Mr. 
Harris,  such  as  his  self-packing  valve-stems,  his  peculiar  form  of 
releasing  tappets,  and  his  rather  larger  pins  and  connections  in  the 
valve-gear,  hardly  falls  within  the  scope  of  this  paper,  and  will  be 
found  in  Tolhausen's  Uhland.  These  engines  are  largely  used. 
Indeed,  Mr.  Harris  enjoys  the  honorable  distinction  of  having  been 
one  of  the  very  few  who  recognized  the  merits  of  the  Corliss  engine 
and  the  rights  of  Mr.  Corliss,  and  took  a  license  from  him  to  build 
his  engine  before  the  expiration  of  his  patents.  An  account  of  a 
competitive  test  of  one  of  these  engines  is  given  below. 

The  Reynolds-Corliss  Engine^  built  by  E.  P.  Allis  &  Co.,  Mil- 
waukee, is  in  nearly  all  essential  respects  a  Corliss  engine, — with 
certain  modifications  of  detail,  more  or  less  imix)rtant,  —  which  has 
obtained  a  wide  reputation,  and  made  an  excellent  record.  It  is 
described  in  Tolhausen's  Uhland,  and  its  peculiarities  cannot  be 
dwelt  on  here.  An  account  of  a  trial  of  one  of  these  engines,  in 
competition  with  one  of  each  of  the  preceding  and  following  engines, 
will  be  found  below. 

Jerome  Wheelock^  Worcester,  Mass.,  makes  an  engine  which  is, 
in  all  its  most  important  features,  a  Corliss  engine,  yet  more  exten- 
sively modified.  The  valves,  no  longer  cylindrical  segments,  as  in 
the  Corliss,  the  Harris-Corliss,  and  Reynolds-Corliss  engines,  are 
segments  of  conic  frustums,  provided  with  steel  collare,  serving  as 
"  steps,"  to  adjust  them  endwise  in  their  seats. 

All  four  of  the  valves  are  placed  below  the  cylinder,  which  is 
horizontal,  the  cut-off  valves  being  placed  directly  back  of  the  steam- 
distributing  valve,  so  that  the  cylinder  has  but  two  ports,  correspond- 
ing in  position  to  the  exhaust-ports  of  the  Corliss  engine.  Exhaust 
takes  place  through  a  '^  cup  "  in  the  steam -distribution  valve. 

This  engine  is  also  described  in  Tolhausen's  Uhland.  Three 
engines  of  the  three  last  preceding  styles  —  Harris-Corliss,  Rey- 
nolds-Corliss, and  Wheelock  —  were  elaborately  tested  by  Mr. 
John  W.  Hill  at  the  Millers'  International  Exhibition,  Cincinnati, 
O.,  in  June,  1880. 

A  table  of  the  leading  dimensions  of  these  three  engines  is 
subjoined. 
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Consumed  when  not  pumping 273,041 

Consumed  in  pumping 660,865 

Total  coal  consumed 033,906 

Total  number  of  gallons  pumped  in  12  months 441,061,225 

Mean  head  in  feet  against  the  pump,  no  allowance  for  fiictions 

in  suction 264.10 

Mean  duty  in  pounds  of  water  raised  1  foot  per  100  poimds  of 

coal  used  for  all  purposes,  no  deduction  for  ashes  and  residue,  106,203,760 
Mean  duty  in  pounds  of  water  raised  1  foot  per  100  pounds  of 

coal  used  for  all  purposes  except  warming,  no  deduction  for 

ashes  and  residue 106,402,320 


HORIZONTAL   COMPOUND   ENGINE. 

In  the  Nourse  Mill  of  the  Social  Manufacturing  Company,  Woon- 
socket,  R.I. 

This  engine,  designed  by  Mr.  George  H.  Corliss,  and  bnilt  by  the 
Corliss  Steam  Engine  Company  under  a  guaranty  to  run  a  year  with 
a  consumption  of  no  more  than  1.75  pounds  of  coal  per  horse-power 
and  per  hour,  —  all  the  coal  fired  during  the  year  for  supplying  this 
engine  with  steam  being  divided  by  the  mean  indicated  horse-power 
and  by  the  number  of  hours'  run  of  the  engine,  —  is  a  fine  example 
of  its  class. 

It  is  a  tandem,  receiver,  double  engine,  combining  the  effort  of 
the  two  pair  of  pistons  upon  a  single  fly-wheel  shaft  wii^h  cranks  set 
''quartering."  The  cylinder  diameters  are  respectively  20  and  36 
inches.  The  length  of  stroke  common  to  both  is  6  feet,  and  there 
is  a  space  of  about  4  feet  between  the  end-casings  of  the  two  cylin- 
ders, to  give  access  to  the  low-pressure  piston. 

The  connecting-rod  is  18  feet  in  length,  so  that  the  entire  engine, 
from  the  centre  of  crank-shaft  to  the  outer  end  of  the  high-pressure 
cylinder,  occupies  a  length  of  about  42  feet.  The  fly-wheel  is  30 
feet  in  diameter,  and  has  a  rim  110  inches  wide  with  four  belt-faces. 
The  weight  of  the  fly-wheel,  crank-shaft,  cranks,  and  eccentrics,  is 
about  54.5  tons,  say  120,000  pounds. 

The  normal  speed  is  57  revolutions  per  minute ;  so  that  the  velocity 
of  the  pistons  is  684  feet  per  minute,  and  that  of  the  belt  92  feet 
more  than  a  mile  per  minute. 

The  weight  of  the  reciprocating  parts  is  7,711  pounds,  and  at 
noimal  speed  their  momentum  is  equal  to  19.38  pounds  pressure  per 
square  inch  on  the  area  of  both  pistons. 

The  normal  boiler-pressure  is  110  pounds  per  square  inch  above 
the  atmosphere ;  and  about  8  pounds  pressure  above  atmosphere  is 
carried  in  the  receiver. 
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exists  in  the  ease  of  engines  pumping  into  a  reservoir  against  an 
hydraulic  head  nearly  constant.  The  quantity  of  feed-water  supplied 
to  the  boilers,  per  indicated  horse-power,  per  hour,  was,  for  the  entire 
engine,  17.5  pounds,  to  which  must  be  added  the  quantity  condensed 
in  the  jackets,  about  10  per  cent,  making  the  total  19.25  pounds, 
which  agrees  very  well  with  the  coal  consumption. 

Referred  to  the  work  done  in  the  high-pressure  cylinders  alone, 
the  feed-water  was  30  pounds  per  indicated  horse-power,  per  hour, 
besides  jacket-condensation. 

CORLISS   ENGINE   AT  THE    PETTACONSET    PUMPING-STATION,    PROVIDENCE, 

R.I. 

I 

In  this  case,  Mr.  Corliss  erected  uix)n  ground,  "  as  nature  made 
it,"  a  complete  pumping-station,  —  engines,  boilers,  and  pumps,  with 
suitable  brick  buildings,  including  their  foundations,  pump-well  and 
conduit,  and  every  instrument  and  appliance  ready  for  continuous 
use,  with  guaranty  of  9,000,000  gallons  capacit}'  iu  24  hours,  and 
100,000,000  foot-pounds  duty  for  each  100  pounds  of  coal ;  all  for  a 
round  and  moderate  sum. 

Tlie  site  presented  difficulties,  in  an  extensive  bed  of  quicksand ; 
difficulties  overcome  by  ramming  cobble-stones  and  shingle  into  the 
quicksand  until  the  latter  lost  its  mobility,  and  the  commingled 
mass  became  as  solid  as  hard-pan,  —  an  expedient  coming  within  the 
domain  of  the  civil  engineer. 

The  engine  is  a  vertical,  double-beam,  receiver  engine,  with  a 
single  air-pump,  jet-condenser,  crank-shaft,  and  fly-wheel,  and  four 
single-acting  plunger-pumps. 

The  cylinders  are  respectively  18  and  36  inches  in  diameter,  and 
have  a  stroke  of  *6  feet.  The  pump-plungers  are  19  inches  in  diam- 
eter, with  3  feet  stroke ;  and  each  pump-chamber  has  92  valves  for 
inlet,  and  the  same  number  for  delivery,  each  set  having  an  aggregate 
area  much  larger  ^than  the  area  of  a  cross-section  of  the  plunger. 

Weir  measurements  made  near  the  pumping-station,  and  repeated 
at  the  reservoir  5,000  feet  distant,  revealed  a  loss  of  action,  or 
*'  slip,"  of  the  pumps,  of  a  very  little  less  than  1  per  cent  of  their 
computed  capacity. 

The  speed  is  adjustable  by  hand ;  and  when  set  at  any  number  of 
revolutions  per  minute,  between  20  and  50,  the  normal  speed  is  main- 
tained by  the  automatic  action  of  the  governor. 

At  a  speed  of  36  revolutions  per  minute,  the  quantity  of  water 
actually  delivered  into  the  reservoir,  in  24  hours,  is  9,066,483  Win- 
chester gallons  ;  at  50  revolutions,*  12,579,618  gallons. 
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,  The  valves  and  valve-gear  are  of  Mr.  Corliss's  well-known  type, 
and  of  construction  similar  to  that  shown  in  the  ^^  Centennial " 
engine.  Steam  is  carried  at  the  normal  pressure  of  125  pounds  above 
atmosphere,  and  is  admitted  at  full  pressure  to  the  jacket  of  the  high- 
pressure  cylinder,  which  covers  both  ends  and  sides,  whence  steam  is 
admitted  by  the  valves  to  the  cylinder,  and  water  is  drained  off  and 
returned  to  the  boilers. 

The  jacket  of  the  low-pressure  cylinder  —  ends  and  sides  —  forms 
pait  of  the  receiver;  and  water  from  the  receiver  is  drained  off, 
pumped  through  a  tubular  heater  in  the  boiler  flues,  and  returned  to 
the  receiver  as  superheated  steam.  Feed-water  is  taken  from  the 
hot-well,  and  pumped  first  through  a  heater  in  the  passage  from  the 
low-pressure  cylinder  to  the  condenser,  which  raises  its  temperature 
about  30^  Fah.,  and  then  to  a  second  heater  in  the  flue,  directly 
beneath  the  re-heater  for  drainage  from  the  receiver,  where  it  is 
heated  up  to  about  the  temperature  of  the  water  in  the  boiler.  The 
pressure  in  the  receiver  is  about  8.5  pounds  per  square  inch  above 
atmosphere,  and,  in  the  condenser,  about  12.5  pounds  below. 

The  plant  comprises  4  upright  boilers,  64  inches  in  diameter  and 
14  feet  long,  with  84  flues  each,  3  inches  in  external  diameter ;  but 
only  3  are  used,  even  when  the  engine  is  running  at  50  revolutions 
per  minute. 

The  aggregate  fire-grate  area  in  use  is  94.5  square  feets  and  the 
rate  of  combustion  is  5.5  pounds  per  hour,  on  each  square  foot  of 
fire-grate  area,  at  the  usual  speed  of  36  revolutions  per  minute,  and 
7.62  pounds  at  the  maximum  speed  of  50  revolutions. 

A  trial  of  this  engine,  on  behalf  of  the  city  of  Providence,  was 
made  during  the  week  beginning  Monday  morning,  May  22,  1882, 
and  ending  Saturday  evening.  May  27,  1882,  by  Mr.  Samuel  M. 
Gray,  city  engineer,  with  adequate  assistance.  Fires  were  started 
under  the  three  boilers,  which  had  cooled  down  from  the  Saturday 
before,  at  6.50  a.m.  on  Monday  ;  and  450  pounds  of  wood  were  used 
for  kindling,  called  equal  to  180  pounds  of  coal. 

The  pumps  ran  from  12  h.  8  m.  to  12  h.  40  m.  each  day,  74  h. 
45  m.  during  the  6  days,  and,  on  an  average,  12  h.  27  m.  30  s.  each 
day.  The  fires  were  banked  every  night  except  Saturday,  when 
they  were  suffered  to  lun  down  as  on  the  previous  Saturday. 

The  total  quantity  of  coal  (Cumberland,  bituminous)  thrown  on 
the  grates  during  the  week  was  36,336  pounds ;  and,  adding  the  coal 
equivalent  of  the  kindling-wood  (180  pounds)  the  fuel  consumed 
was  equal  to  36,516  pounds  of  coal.  No  deduction  was  made  for 
ashes  and  clinkers,  which  was  equal  to  9.1  per  cent  of  the  fuel. 
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During  the  tnal,  the  engine  pumped  28,360,162  gallons  of  water, 
at  the  rate  of  9,105,604  gallons  in  24  hours,  against  a  mean  total 
head  —  including  suction,  but  without  allowance  for  friction  or 
resistance  in  suction-pii^e  and  pump  —  of  174.99  feet;  and,  the 
weight  of 'the  gallon  being  taken  at  8.3345  pounds,  the  duty  in  foot- 
pounds, for  each  100  pounds  of  coal,  was  113,271,000. 

Computed  on  the  coal  used  in  running,  exclusive  of  kindling  and 
banking  fires,  the  duty  per  100  pounds  of  coal  was  138,035,000 
foot-ix>unds. 

The  report  for  the  year  1883  is  as  follows :  — 

Total  number  of  hours  run 8,952.00 

Number  of  days  on  which  the  engine  ran 200 

Mean  number  of  hours  run  per  day 13.63 

Gallons  pumped,  total 1,480,735,031 

Gallons  pumped,  daily  mean 5,137,020 

Gallons  pumi)ed,  hourly  mean 376,040 

Coal  consumed,  pounds 2,063,530 

Coal  equivalent  of  wood  used,  i  of  40,780  pounds     ....  13,600 

Total  coal  equivalent  of  fuel  used  for  all  piuposes    ....  2,077,130 

Batio  of  ashes  and  clinkers  to  the  total  fuel,  per  cent    ...  15.5 

Total  number  of  revolutions 8,518,131 

Mean  head  of  water,  feet 177.45 

Number  of  cubic  feet  of  water  delivered  into  reservoir,  per 

revolution 23.38 

Mean  weight  of  1  cubic  foot,  pounds 62.331 

_  8,518,131  X  177.45  X  2.3.38  X  62.3:^1  X  100 

Duty,  = 2  077  139 =      •    •       106,048,000 

If  the  proportion  of  ashes  and  clinkers  had  been  no  more  during 
the  year  than  during  the  trial  of  a  week,  the  duty  would  have  been 
greater  in  the  proportion  of  0.909  to  0.845,  and  would  have  exceeded 
114,000,000. 

STEAM-ENGINES   OF   MEDIUM   SIZE   AND   MODERATELY   HIGH    SPEED. 

We  come  now  to  the  consideration  of  a  group  of  engines,  for  the 
most  part  manufactured  in  advance  of  orders,  and  bought  for  various 
purposes,  according  to  the  judgment  of  the  purchaser,  with  or  without 
expert  advice. 

Among  the  manufacturers  of  steam-engines  thus  loosely  grouped 
together,  it  is  eminently  proper  to  name  Mr.  George  H.  Corliss  first ; 
for  although  others,  not  a  few,  now  rival  him  in  certain  special 
qualities,  some  do  this  by  avowed  appropriation  of  his  inventions,  no 
longer  protected  by  patents ;  while  all,  no  less  in  the  United  States 
than  elsewhere  throughout  the  world,  are  indebted  to  principles  of 
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which  he  was  among  the  first  to  discover  the  transcendent  imi)ortance, 
and  to  mechanical  combinations,  or  their  equivalents,  which  he  was 
the  first  to  invent. 

It  must  be  unnecessary  to  attempt,  in  this  place,  any  description 
of  the  characteristic  features  of  the  Corliss  engine.  II  a  fait  le  tour 
du  monde.  His  releasing  valve-gear  has  bee^  criticised  by  Professor 
Releaux  and  by  others,  as  mechanically  imperfect;  but  these  criti- 
cisms seem  not  to  be  well-founded. 

No  one,  it  is  presumed,  objects  to  intermittent  motion  in  the 
escapement  of  a  watch,  or  in  the  lock  of  a  gun,  nor  yet  in  the  trip- 
ping mechanism  of  a  pile-driver.  The  advantages  of  this  motion 
in  closing  a  steam- valve  at  cut-off  are  so  weighty,  and  the  incon- 
veniences of  it,  if  indeed  real,  are  so  slight,  that  it  may  well  be  con- 
sidered practically  perfect  up  to  70  or  80  revolutions  per  minute. 
For  speeds  much  above  these,  it  seems  to  be  ill-adapted. 

The  wrist-plate,  giving  a  rapid  motion  to  the  valves  in  opening 
and  in  closing,  and  a  period  of  comparative  rest  at  the  extremities 
of  its  throw,  attains,  by  means  mechanically  unobjectionable,  all 
that  has  been  sought  in  vain  from  impracticable  cams. 

The  valve  itself,  a  cylindrical  slide,  has  established  its  durability 
and  its  tightness  by  the  experience  of  a  generation  of  men. 

Mr.  Corliss,  as  the  head  and  front  of  the  Corliss  Steam-engine 
Company,  stands  toward  the  public  in  a  twofold  relation :  first,  as 
an  engineer,  prepared  to  design  and  construct  steam-engines  for 
special  seiTice ;  and,  second,  as  a  manufacturer  of  steam-engines 
for  sale,  to  be  used  for  various  purposes,  without  special  adaptation 
to  any.  In  the  first  relation,  he  nicely  adapts  all  the  parts  of  his 
mechanism  to  the  attainment  of  the  end  in  view ;  and  such  engines 
as  we  have  considered  are  examples  of  the  result.  '^ 

In  the  latter  relation,  the  result  will  depend  on  the  judgment  and 
skill  of  the  purchaser  when  he  is  his  own  engineer,  and  on  the  skill 
of  his  engineer  when  he  employs  one.  Engines  too  large  or  too 
small  for  their  load,  supplied  with  water-clogged  steam  from  ill- 
arranged  or  inadequate  boilers,  or  run  at  unsuitable  speeds,  or  with 
leaky  pistons  and  mal-adjusted  valves,  will  give  no  satisfactorj- 
results,  although  manufactured  by  Mr.  Corliss. 

These  remarks  are  general,  and  are  applicable  to  all  competent 
steam-engine  manufacturers,  with  a  degree  of  force  proportioned  to 
the  real  excellence  of  their  respective  engines  under  most  favorable 
conditions. 

A  Corliss  engine  at  the  Lancaster  Mills,  Clinton,  Worcester 
County,  Mass.,  was  tested  in  February,  1884,  under  the  direct  super- 
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vision  of  Mr.  George  W.  Weeks,  agent  of  the  mills,  a  member  of 
the  American  Society  of  Mechanical  Engineers,  well  known  to  the 
writer,  who  vouches  for  bis  candor  and  intelligence. 

This  is  what  is  usually  called  a  "  double  engine,"  that  is,  a  pair 
of  engines,  right  and  left  hand,  with  a  fly-wheel  and  shaft  in  com- 
mon, and  cranks  set  at  right  angles.  The  dimensions  are  :  diameter 
of  cylinders,  26  inches ;  length  of  stroke,  5  feet ;  fly-wheel,  30  feet  in 
diameter,  6  feet  belt-face ;  air-pump,  34  inches  in  diameter,  12  inches 
stroke. 

The  cylinders  are  not  steam- jacketed.  Steam  is  supplied  by  five 
return-tubular,  externally  fired  horizontal  boilers,  60  inches  in  diam- 
eter outside  of  the  smaller  courses,  with  76  flues,  3.25  inches  outside 
diameter,  and  19  feet  8  inches  long ;  set  with  overhanging  smoke- 
box,  the  front  flue-sheets  being  about  in  the  plane  of  the  arch-fronts. 

Heating-surface 1345     X  5  =  6725     square  feet 

Fire-grate  area 28.5  X  5  =    142.5  square  feet 

Katio  of  heating-surface  to  Bre-grate  ai*ea 47  to  1 

Steam-pressure  in  boiler,  in  pounds  per  square  inch  above  atmosphere,     87. 

Vacuum,  in  pounds  per  square  inch  below  atmosphere 13.02 

Mean  speed  of  engine  in  revolutions  per  minute 52.71 

Mean  piston-speed,  feet  per  minute 527.1 

Clearance,  in  terms  of  volume  swept  through  by  the  piston 0239 

The  test  was  continued  four  days,  and  sets  of  diagrams  were 
taken  six  times  each  day,  three  times  in  the  forenoon  and  three  in 
the  afternoon.  The  first  set  was  taken  soon  after  starting  the  engine, 
at  6.50  to  6.58  a.m. 

The  second  set  was  taken  between  8.06  and  9.34  a.m.  ;  the  third, 
between  9.48  and  11.12 ;  the  fourth,  between  2.02  and  3.06  p.m.  ;  the 
fifth,  between  2.48  and  3.44 ;  and  the  sixth,  between  4.03  and  4.48. 

The  least  power  observed  was  641.90  horee-power,  the  greatest 
703.35,  a  range  of  only  about  9  per  cent.  The  means  for  the  resixjc- 
tive  days  were  :  — 

Horse-power, 

First  day 684.13 

Second  day 666.92 

Third  day     .  ' 663.51 

Fourth  day 669.09 

Mean  of  all 670.91 

There  were  burned  under  the  boilers  from  6  o'clock  of  the  even- 
ing preceding  the  first  day  of  the  test,  to  6  o'clock  p.m.  of  the  last 
day,  when  the  test  ended,  67,000  pounds  of  coal,  which  yielded  4,600 


*vuik1s.  of  dry  ashes  and  refuse*  leaving  52.400  pounds  of  com- 

Kiitio  of  asli  to  coal,  8.07  per  cent.  The  hours  run  were  11 
SvHusiv  each  daw  4-4  in  all. 

^'(s.i)  >'r  hour,  v^uiids 1,295.45 

\.  is.i!  pvr  hour,  iuid  per  iuUicttted  horse-power,  pounds 1.93 

Vi^aumsatblc  per  bour«  pouAils 1,190.91 

i.\»mUu»iil>le  pet  huur^  aud  per  indicated  horse-power,  pounds     .    .    .  1.T7 

A  lest  of  the  evaporative  eflSciency  of  the  boilers  and  coal,  not 
^iiuultauovHis  with  the  engine-test^  but  some  time  before,  gave  an 
actual  cvai>orHtiou  of  10.58  pounds  of  water  per  pound  of  coal 
tuuiK'vl ;  oi\  i.*orreeteil,  by  estimate,  for  water  blown  off  during  the 
da\ ,  and  water  pumped  in  at  night,  10.07  pounds. 

1,  ouiputed  trom  the  indieator-caids,  the  quantity  of  water  "  visi- 
UW  "  :U4  5>tcam  was  equal  to  8.67  pounds  for  each  pound  of  coal 
hvuiiod  during  the  te«>t,  which  would  indicate  the  presence  of  13.9 
per  ecut  of  the  feed-water  in  the  liquid  foiin  in  the  cylinder. 

I' lie  uumber  of  diagmms  taken  may  be  thought  too  few  to  give 
:iM.>.uuuKc  of  the  ti'ue  mean  of  the  ix)wer  during  the  44-hours'  run; 
hut  it  the  smallest  mean  be  taken,  that  for  the  third  day  (663.51 
nivli(.atcd  horse-ix>wer) ,  the  coal  consumption  per  hour  and  per  indi- 
va'od  h<.>rso-power  becomes  1.95  pounds,  against  1.89  pounds  if  the 
la  ^v.'jL  uioau-i)owor,  that  for  the  fii-st  day  (684.13  indicated  horse- 
pv»\\ci ),  W  Uikcu. 

V-ain,  if  we  Uike  the  smallest  power  observed  during  the  four 
vl;i\r.,  :ii  LOo  to  1.05  P.M.  of  the  second  day,  641.90  indicated  horse- 
|s»v\u .  HNvl  ^'ojuparo  the  I'esult  with  that  obtained  by  using  the  largest 
v.'...!\vd  iH»vvcr,  at  9.31  to  9.34  a.m.  of  the  first  day,  703.35,  we 
'i.'w  iv^i'vvUNclv  2.02  and  1.84  pounds  per  indicated  horse-power 
I  .  I    ■.     Uiuu,  oach  ditferiug  from  the  mean,  1.93,  onh'  4.5  per  cent. 

I  I.'' I  [Iw  ha.sis  of  10  pounds  of  water  evaporated  under  actual 

...    uia'  1 .,  it'r  oaoh  pound  of  coal  burned,  we  have  19.3  pounds  of 

V     .  v\  ;  V I  iKi  iiuliratcd  horse-power  and  per  hour;  and  by  the  indi- 

ln.  /:•  |K)unda  ;  so  that,  of  the  feed-water  supplied  to  the 

[sr  ooiJt  was  accounted  for  by  the  indicators,  and  13.3 

vv  I .  'MvAiut  Jiii  liquid  water.    (Published  in  "  Cotton,  Wool, 

tU^.ioii,  Mass.,  Feb,  9-16,  1884.) 

1.    \v'ar  eudiug  April  26,  1884,  the  coal  burned  in  the 

t  .IV  *\»ilcrs,  supplying  steam  for  all  purposes,  including 

..'  •  unuliig-tiiue  of  this  engine,  at  670  indicated  horse- 

,     ^  .  vJ    toiu  uuuierous  indicator  diagrams,  amounted  to 


MECHANICAL   SCIENCE.  817 

1,967  tons,  equal  to  4,406,080  pounds,  which  gives  2.14  pounds  of 
coal  consumed  in  the  mill,  for  all  purposes,  for  each  indicated  horse- 
power exerted  one  hour. 

It  may  be  thought  that  too  much  space  has  been  given  to  this 
test ;  but  it  is  so  good  an  example  of  valuable  work  within  the  reach 
of  nearly  all  users  of  steam-engines,  that  it  has  been  thought  well  to 
bring  it  to  notice  in  this  manner. 

,  The  Putnam  Machine  Company,  Fitchburg,  Mass.,  were  among 
the  earlier  manufacturers  of  an  excellent  class  of  automatic  cut-off, 
horizontal  engines,  of  medium  speed  and  moderate  power. 

Being  weU  described  in  Tolhausen's  Uhland,  it  will  be  unneces- 
sary to  describe  them  here.  By  the  use  of  double-seated  poppet- 
valves  and  an  ingenious  combination  of  cams  and  levers,  the  cut-off 
is  controlled  by  the  governor,  and  an  excellent  distribution  of  steam 
is  effected,  with  satisfactory  uniformity  of  speed. 

The  writer  has  occasionally  tested  an  engine  of  this  construction, 
12-inch  cylinder,  30-inch  stroke,  during  a  period  of  17  years,  and 
always  found  it  tight,  and  in  perfect  order,  almost  without  repairs. 

This  valve-gear  is  not  well  adapted  to  speeds  higher  than  i^O  or 
100  revolutions  per  minute. 

Charles  H.  Broivn  &  Co,,  also  of  Fitchburg,  by  means  of  gridiron 
slide  valves,  actuated  by  cams  and  levers,  and  detaching  mechanism 
controlled  by  the  governor,  obtain  very  prompt  and  full  admission, 
almost  instantaneous  cut-off,  and  free  release,  and  produce  indicator 
diagrams  almost  ideally  perfect. 

In  point  of  mechanical  execution  and  finish,  the  Brown  engines ' 
are  singularly  beautiful,  and  in  all  the  higher  qualities  of  design  and 
proportion   they  are  excellent.     This   engine,  also,  is  described  in 
Tolhausen's  Uhland. 

Tlie  Fitchburg  Steam-engine  Company,  also  of  Fitchburg,  Mass., 
a  newer  enterprise,  is  now  making  an  automatic  cut-off  engine  of 
much  higher  order  than  the  small  vertical  engines  described  in  Tol- 
hausen's  Uhland. 

They  make  a  peculiar  form  of  centrifugal  governor  placed  on  the 
crank-shaft ;  a  kind  of  governor  which  has  gained  great  favor  within 
the  last  ten  years,  and  assumed  a  multitude  of  forma.  We  shall 
again  have  occasion  to  speak  of  this  governor. 

In  the  form  under  notice,  which  is  excellent,  the  eccentric  is 
guided  in  its  transverse  motion  across  the  shaft,  by  means  of  a  sort 
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of  parallel  motion,  consisting  of  two  levers  connected  with  ears  on 
opposite  sides  of  the  eccentric-block,  describing  equal  arcs  in  oppo- 
site directions ;  thus  avoiding  the  guides  used  in  some  other  forms, 
while  preserving  constant  lead  of  valve.  Weights  attached  to  these 
levers  exactly  counterbalance  the  weight  of  the  eccentric  and  its 
strap,  and,  in  vertical  engines,  the  weight  of  the  valve-rod  and  con- 
nections also,  in  all  positions,  leaving  the  eccentric  neutral  under  all 
the  impulses  of  the  governing  mechanism.  This  consists  of  weights 
on  arms  pivoted  to  opposite  sides  of  an  incasing  pulley,  connected 
by  rods  to  the  balancing-arms  already  mentioned,  acting  centrifugally 
with  a  force  proportioned  to  the  rapidity  of  revolution,  opposed^  by 
springs  which  act  centripetally  with  a  force  proportionecLto  the  com- 
pression produced  by  the  revolving- weights. 

These  forces  being  properly  adjusted,  so  as  to  be  in  equilibrium  at 
normal  speed,  this  speed  will  be  maintained  so  long  as  the  load  and 
the  mean  effective  pressure  of  steam  in  the  cylinder  remain  relatively 
unaltered. 

Any  increase  of  load,  with  steam-pressure  constant,  will  cause  a 
corresponding  diminution  of  velocity,  and  therefore  of  centrifugal 
force  in  the  weights,  and  give  a  preponderance  to  the  springs  acting 
centripetally,  so  as  to  turn  the  eccentric  to  delay  the  cut-off,  and  so 
to  increase  the  mean  effective  pressure.  On  the  other  hand,  any 
diminution  of  load  will  give  preponderance  to  the  centrifugal  force 
of  the  weights,  and  turn  the  eccentric  so  as  to  hasten  the  cut-off,  and 
reduce  the  mean  effective  pressure. 

When  a  single  piston-valve  is  used,  release  and  exhaust-closure  are 
affected  in  flie  same  sense  as  cut-off :  with  early  cut-off,  there  is  early 
release  and  early  closure  of  the  exhaust ;  and  with  later  cut-off,  both 
release  and  closure  are  retarded,  as  in  a  link-motion. 

The  single  valve  is  used  only  in  the  smaller  engines,  especially  in 
vertical  engines.  In  larger,  horizontal  engines,  from  9-inch  diameter 
and  24-inch  stroke  to  24-inch  diameter  and  48-inch  stroke,  two  pis- 
ton-valves are  used,  both  in  one  divided  steam-chest  at  the  side  of 
the  cylinder :  the  upper  valve,  double-ported,  controlled  by  the  gov- 
ernor, producing  admission  and  cut-off;  the  lower,  single- ported, 
moved  by  an  ordinaiy  eccentric,  controlling  release  and  compression. 

Only  moderate  speeds  are  calculated  on,  —  75  revolutions  per 
minute  for  48-inch  stroke,  and  125  revolutions  for  24-inch  stroke, 
corresponding  to  600  feet  per  minute  piston- speed  in  the  former  case, 
and  500  feet  in  the  latter.  No  scientiflc  tests  of  these  engines  have 
been  made ;  but  diagrams  taken  from  them  are  excellent,  and  they 
bear  a  good  reputation. 
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William  A.  Harris,  Providence,  R.I.,  has  long  manufactured  a 
class  of  steara-engines,  which,  under  the  name  of  Harris-Corliss 
engines,  frankly  recognize  their  indebtedness  to  Mr.  George  II.  Cor- 
liss, but  with  sufficient  modification  of  detail  to  justify  the  qualifying 
prefix  of  Mr.  Han-is's  name. 

A  particular  description  of  the  modifications  introduced  by  Mr. 
Harris,  such  as  his  self -packing  valve-stems,  his  peculiar  form  of 
releasing  tappets,  and  his  rather  larger  pins  and  connections  in  the 
valve-gear,  hardly  falls  within  the  scope  of  this  paper,  and  will  be 
found  in  Tolhausen's  Uhland.  These  engines  are  largely  used. 
Indeed,  Mr.  Harris  enjoys  the  honorable  distinction  of  having  been 
one  of  the  very  few  who  recognized  the  merits  of  the  Corliss  engine 
and  the  rights  of  ^Ir.  Corliss,  and  took  a  license  from  him  to  build 
his  engine  before  the  expiration  of  his  patents.  An  account  of  a 
competitive  test  of  one  of  these  engines  is  given  below. 

The  Reynolds-Corliss  Engine,  built  by  E.  P.  Allis  &  Co.,  Mil- 
waukee, is  in  nearly  all  essential  respects  a  Corliss  engine, — with 
certain  modifications  of  detail,  more  or  less  important,  —  which  has 
obtained  a  wide  reputation,  and  made  an  excellent  record.  It  is 
described  in  Tolhausen's  Uhland,  and  its  peculiarities  cannot  be 
dwelt  on  here.  An  account  of  a  trial  of  one  of  these  engines,  in 
competition  with  one  of  each  of  the  preceding  and  following  engines, 
will  be  found  below. 

Jerome  Wheelock,  Worcester,  Mass.,  makes  an  engine  which  is, 
in  all  its  most  important  features,  a  Corliss  engine,  yet  more  exten- 
sively modified.  The  valves,  no  longer  cylindrical  segments,  as  in 
the  Corliss,  the  Harris-Corliss,  and  Reynolds-Corliss  engines,  are 
segments  of  conic  frustums,  provided  with  steel  collara,  serving  as 
"  steps,"  to  adjust  them  endwise  in  their  seats. 

All  four  of  the  valves  are  placed  below  the  cylinder,  which  is 
horizontal,  the  cut-off  valves  being  placed  directly  back  of  the  steam- 
distributing  valve,  so  that  the  cylinder  has  but  two  ports,  correspond- 
ing in  position  to  the  exhaust-ports  of  the  Corliss  engine.  Exhaust 
takes  place  through  a  ^^  cup  "  in  the  steam-distribution  valve. 

This  engine  is  also  described  in  Tolhausen's  Uhland.  Three 
engines  of  the  three  last  preceding  styles  —  Harris-Corliss,  Rey- 
nolds-Corliss, and  Wheelock  —  were  elaborately  tested  by  Mr. 
John  W.  Hill  at  the  Millers*  International  Exhibition,  Cincinnati, 
O.,  in  June,  1880. 

A  table  of  the  leading  dimensions  of  these  three  engines  is 
subjoined. 
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TABLE  OF  DIMENSIONS. 


- 

UniU. 

Harris. 
Corliss. 

Reynolds- 
CoHlss. 

Wheclock. 

Diameter  of  cylinder .... 

inches, 

18.03 

18.02 

18.26 

Diameter  of  piston-rod  .    .    . 

inches, 

2.68 

2.81 

2.94 

Diameter  of  steam-pipe  .    .    . 

inches, 

6 

6 

7 

Diameter  of  exhaust-pipe  .    . 

inches, 

8 

7 

8 

Diameter  of  fly-wheel     .    .    . 

feet. 

16 

16 

16 

Diameter  of  air-pump  cylinder, 

inches. 

9.81 

17 

Diameter  of  injection-pipe .    . 

Inches, 

2 

2 

2 

Diameter  of  overflow-pipe  .    . 

inches. 

6 

7 

3.5 

Strolse  of  piston 

inches. 

48 

48 

48 

Strolte  of  air-pump    .... 

inches, 

12 

12 

Ai'ea  of  steam-piston  .... 

sq.  inches. 

255.3172 

255.a354 

261.8726 

Area  of  cross-sec.  of  piston-rod, 

sq.  inches, 

5.641 

6.2125 

6.7771 

Area  of  each  steam-port     .    . 

sq.  inches, 

13.5 

15.75 

30 

Area  of  each  exhaust-port .    . 

sq.  inches, 

24.75 

27 

30 

Width  of  fly-wheel  face  ,    .    . 

inches. 

25 

25 

25 

Weight  of  fly-wheel   .... 

poimds, 

11,950 

14,694 

12,000, 

Total  weight  of  engine  .    .    . 

pounds. 

29,950 

36,874 

21,000 

Clearance  in  terms  of  stroke  . 

.0193 

.0265 

i  .0142 
1.0235 

CONDENSED  SUMMARY  OF  RESULTS. 


CONDEN8I2TG. 


Duration  of  trial    .    .    . 
Boiler-pressure,  mean     . 
Atmosphere  by  barometer 
Vacuum,  mean .    .  * .    . 
Revolutions  per  minute  . 
Initial  pressure .... 
Cut-off  in  terms  of  stroke 
Pressure  at  cut-off .    .    . 
Terminal  pressure,  absolute 
Mean  effective  pressure  . 
Ratio  of  expansion    .    . 
Theoretical  cut-off .    .    . 
Indicated  horse-power    . 
Friction  of  engine,  light 
Other  frictions,  and  air-pump 
Net  effective  power    .    .    . 


Units. 


hoiu*s, 

lbs.  per  sq.  in. 


it 
ti 
(( 
(( 
(t 
tt 
it 

n 


i.  h.  p., 


1.  h.  p., 


Harris- 
Corliss. 


10 

96.09 

14.52 

12.61 

75.83 

90.072 

.11867 
86.966 
14.568 
35.6722 
6.95 
.14386 
165.578 
9.573 
10.928 
145.077 


Reynolds- 
Corliss. 


10 

95.83 

14.60 

12.50 

75.383 

91.09 

.12406 
86.829 
15.161 
35.4036 
6.67 
.14993 
162.995 
10.262 
9.538 
143.195 


Wheelock. 


10 

96.25 

14.45 

11.78 

74.472 

88.086 

.13084 
77.697 
14044 
33.9396 
6.35 
.15753 
158.385 
7.814 
6.224 
143.946 
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CONDENSED  SUMMARY  OF  RESULTS  — Condensing  (Concluded). 


Water  per  indicated  horse- 
power per  hour 

Coal  per  indicated  horse-power 
per  hour    ....... 

Relative  economy 

Steam,  by  diagrams    .... 

Condensing  water  per  pound  of 
feed-water 


Units. 


pounds, 
pounds, 
per  cent, 
pound, 


Harris- 
Corliss. 


19.364 

1.936 
.98848 
71.034 

32.53 


ReyDolds- 
Corliss. 


19.489 

1.949 
.99487 
72.199 

30.88 


Wheeiock. 


19.265 

1.927 
1.00000 
71.449 

24.74 


The  air-pump  of  the  Harris-Corliss  engine  was  driven  by  the 
engine ;  that  of  the  Reynolds-Corliss,  by  a  separate  engine  or 
steam-pump.  The  Wheeiock  engine  had  a  Buckley  siphon  eon- 
denser,  requiring  only  sufficient  power  to  lift  the  water  to  supply  it. 


NON-CONDENSING. 


Duration  of  trial 

Boiler-pressure 

Atmosphere  by  barometer  .    . 

Revolutions  per  minute  .    .    . 

Initial  pressure ...... 

Cut-off  in  terms  of  stroke  .    . 

Pressure  at  cut-off 

Terminal  pressure,  absolute    . 

Mean  effective  pressure  .    .    . 

Ratio  of  expansion     .... 

Theoretical  cut-off     .... 

Indicated  horse-power    .    .    . 

Friction  of  engine,  light     .    . 

Other  frictions,  and  air-pump 
of  Harris-Corliss  engine  .    . 

Net  effective  power    .... 

Water  per  indicated  horse- 
power per  hour 

Coal  per  indicated  horse-power 
per  hour 

Relative  economy 

Steam,  by  diagrams    .... 

A.  A.  A.  S.,  VOL.  XXXni. 


Units. 


hours, 

lbs.  per  sq.  in. 

hours, 

lbs.  per  sq.  in. 

lbs.  per  sq.  in. 
<( 


I.  H.  P., 


it 


a 


pounds, 
l)oimds, 
jjer  cent, 


Harrlfl- 
Corlise. 


10 

96.32 

14.515 

75.81 

89.522 

.13627 
85.91 
17.037 
28.9397 
6.35 
.15748 
134.293 
9.561 

4.989 
119.743 

22.a54 

2.2a5 
1.0000 
75.346 


Reyiioldfl- 
Corlias. 


10 

96.61 

14.613 

75.a3 

89.994 

.15956 
84.757 
17.413 
29.7508 
5.42 

.18461 
137.017 
10.255 

5.070 
121.692 

23.933 

2.393 

.92146 
72.aS2 


Wheeiock. 


10 

96.32 

14.481 

76.072 

88.499 

.16966 
76.875 
17.460 
29.3632 
5.14 
.19448 
139.973 
7.982 

5.280 
126.711 

24.926 

2.493 

.88470 
75.726 


SO 
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It  surely  is  not  uninteresting  to  observe  that  engines  designed 
and  built  by  thi'ee  independent  mannfaetui-ers,  not  in  coneeil,  but 
in  rivalry,  with  variations  of  detail  by  no  means  inconsiderable, 
should  have  arrived  at  results  so  nearly  identical  that  the  differences 
hardly  exceed  the  limits  of  pi-obable  eiTor,  even  in  this  exceptionally 
skilful  test,  every  line  of  which  is  so  instructive  that  it  has  been 
difficult  to  condense  it.  So  evenly  matched  were  they,  that  the 
eminent  and  candid  expert  who  conducted  the  tests  pix>fessed  him- 
self unable  to  awaixl  the  precedence  to  any  one  of  them ;  and, 
although  an  award  was  finally  made,  the  reasons  for  it  were  too 
slight  to  escape  criticism. 

It  is  further  noticeable,  that,  in  the  trials  with  condensation,  the 
results  are  substantially  identical  with  those  obtained  by  Mr.  Weeks 
with  the  double  Corliss  engine,  26  inches  diameter  of  cylinder,  60-inch 
stroke,  except,  indeed,  that  in  the  latter  case  all  the  coal  for  kindling 
and  banking  fires  was  included.  The  gain  by  condensation  appears 
to  be:  HaiTis-Corliss,  12  percent;  Reynolds-Corliss,  19  per  cent; 
Wheelock,  23  i>er  cent ;  and  the  Corliss  engine  at  Lancaster  Mills, 
19  per  cent.     The  mean  for  these  four  engines  is  18  per  cent. 

Tlie  Buckeye  Steam-engine  Company^  Salem,  Columbiana  County, 
Ohio,  have  long  manufactured  an  automatic  cut-off  engine,  widely 
and  favorably  known  for  good  qualities  of  design,  construction,  and 
operation.  It  is  very  well  described  in  Tolhausen's  ''Uhland,"  and 
in  the  report  of  the  judges  of  Group  XX.  at  the  International  Exhi- 
bition in  Philadelphia  in  1876. 

Engines  altogether  similar  in  design,  with  some  formal  differences, 
have  for  several  years  been  manufactured  by  the  Hartford  Engineer- 
ing Company^  Hartford,  Conn.,  one  of  which  was  recently  tested  by 
the  writer  in  conjunction  with  Mr.  George  H.  BaiTUs,  at  the  mill  of  the 
Crompton  Company,  Kent  County,  R.I. 

This  was  a  double  engine,  having  cylinders  17  inches  in  diameter, 
and  a  stroke  of  24  inches,  with  a  fly-wheel  and  shaft  in  common,  and 
cranks  set  at  right  angles.  A  Bulkley  siphon  condenser  is  arranged 
to  use  with  it  at  will.  Steam  is  supplied  by  three  Corliss  boilers, 
which  also  supply  the  mill  with  steam  for  all  purposes ;  bat,  during 
the  tests,  two  only  were  used  for  the  engine,  the  third  being  detached 
for  the  other  uses  of  the  mill. 

These  boilers  are  of  the  Corliss  *'  rol)ing-pin  *'  ty[>e,  having  a 
vertical  cylindrical  shell  90  inches  in  diameter  and  10  feet  long,  with 
a  ^^  water-lciT  "  in  the  centre  31  inches  in  diameter  and  4  feet  8  inches 
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loDg,  standing  on  the  floor  of  the  boiler-house ;  and  a  steam-dome  31 
inches  in  diameter  and  6  feet  long  rising  from  the  centre  of  the  cylin- 
drical shell.  In  the  annular  space  around  the  water-leg  and  steam- 
dome,  there  are  248  flues,  2  inches  in  outside  diameter  and  10  feet 
long,  through  which  the  gaseous  products  of  combustion  pass  up  to 
and  around  the  steam-dome,  and  thence  off  to  the  chimney. 

The  lower  end  of  the  water-gauge  glass  is  5  feet  4  inches  above 
the  lower  tube-sheet,  and  its  upper  end  is  3  feet  9  inches  below  the 
upper  tube-sheet;  which  accounts  for  the  superheating  observed  in 
the  steam  at  the  engine,  120  feet  distant. 

The  heating-surface  in  the  two  boilers  is  2,804  square  feet,  and 
the  fire-grate  area  90  square  feet ;  so  that  the  ratio  of  the  former  to 
the  latter  is  31.16  to  1,  counting  together  the  water  and  steam-heat- 
ing surface.  The  ratio  of  water-heating  surface  alone  to  fire-grate 
area  is  19.9  to  1.  Steam  was  much  superheated,  and  the  escaping 
gases  went  off  vei7  hot,  as  was  shown  by  the  melting  of  a  glass 
thermometer-tube  in  the  flue. 

Neither  the  makers  of  the  boilers  nor  of  the  engine  were  respon- 
sible for  the  boiler-setting,  as  the  boilers  were  bought  at  second  hand, 
and  set  up  by  the  mill-owners.  The  boiler  performance  is  sub- 
joined :  — 

PBRFOBMANCB  OF  THE  BOILERS. 


March  27. 
Ck>ndeDslDg. 


March  28. 

NOD-COD- 

denelog. 


Temperature  of  feed- water 

Barometric  pressure 

Boiler  pressure  above  atmospheric  .    .    . 

Superheating 

Evaporation  per  pound  of  coal  .... 
Evaporation  per  pound  of  combustible  . 
Equivalent  evaporation  from,  and  at  212 

degrees  F.,  per  pound  of  coal  .... 
Do.  per  pound  of  combustible  .... 
Coal  burned  per  hour  per  square  foot  of 

fire-grate  area 

Ratio  of  ashes  and  refuse  to  coal  burned  . 
Ratio  of  boiler  performance   to  normal 

duty  taken  at  10,000  B.  t.  u.  per  pound 

of  coal  with  one-sixth  refuse    .... 


degrees  F. 
lbs.  per  sq.  in. 
lbs.  per  sq.  in. 
degrees  F. 
pounds, 
pounds. 

pounds, 
pounds. 

pounds. 


51.8 

14.45 

79.5 

65. 
6.333 
7.63 

7.609 
9.167 

12.1 
.170 


.868 


49.1 

14.506 

77.8 

88.9 
6.120 
7.387 

7.375 

8.893 

14.2 
.171 


.837 
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DIMENSIONS  RELATING  TO  RNOINR. 


Diameter  of  cylinder 

Diameter  of  piston-rod 

Length  of  stroke 

Clearance  in  terms  of  stroke,  front . 
Clearance  in  terms  of  stroke,  back  . 
Main  steam-pipe,  diameter .... 

Branch  pipes,  diameter 

Diameter  of  fly-wheel 

Width  of  belt-face 


inches, 
inches, 
inches. 


inches, 
inches, 
feet, 
inches. 


Klght-hand 
ey  Under. 


17.07 
2.75 
24.25 
.0218 
.0101 
10 
6 
10 
40 


Left-Iwiid 
cylinder. 


17.03 
2.75 
24.14 
.0278 
.0207 
10 
6 
10 
40 


PERFORMANCE  OF  THE  ENGINE. 


Diiratlon  of  trial 

Mean  indicated  horse-power 

Feed-water  per  indicated  horse-power  per 

hour 

Superheating  near  engine  ...... 

Feed-water  per  indicated  horse-power  per 

hour,  corrected  for  superheating  .  .  . 
Mean  pressure  in  steam-pipe  ..... 

Mean  Tacuum  near  engine 

Mean  effective  pressure 

Mean  speed,  revolutions  per  mimite  .  . 
Mean  piston  speed,  feet  per  minute .  .  . 
Coal  per  indicated  hcurse-power  per  hour  . 
Gain  by  condensing 


i.  h.  p. 


pounds, 
degrees  F. 

poimds. 
lbs.  per  D*. 
lbs.  per  n*. 
lbs.  per  D*. 


pounds, 
ratio. 


March  27. 
Condensing. 


lOh.  22m« 

3?7.27 

20.917 
11. 

21.015 
78. 
1L49 
38.5 
154. 
621. 
3.3 
.25 


March  28. 
Non-con- 
denshig. 


lOh.  7.5m. 
300.6 

26.1 
35. 

26.5.38 
76.3 

35.59 
153.1 
617.4 
4.25 


Two  Thompson  and  two  Tabor  indicators  were  used,  and  inter- 
changed occasionally ;  and  all  the  springs  and  pressure-gauges  were 
tested  at  the  close  of  the  trial.    The  exponent  of  the  expansion  carve 

P  V* 
in  the  expression,  Rj  =     \;rn    ;  or,  PF"  =  C7,  a  constant,  was  found, 

by  the  logarithmic  method,  tobe7i=  1.118=  about  ^. 

The  engines  were  examined  for  tightness  at  the  beginning  and 
end  of  each  nm.  All  clearance  spaces  were  accurately  ascertained. 
Diagrams  were  taken  simultaneously  every  10  minutes,  antl,  during 
the  first  10  minutea  of  each  run,  once  a  minute. 
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PERFORMANCK  OF  THE  BNOINEy  DEDUCED  FROM  A  SELECTED  BET  OF  INDI- 
CATOR DIAGRAMS  TAKEN  IN  THE  AFTERNOON  OF  EACH  DAY,  ABOUT 
EQUAL  TO  THE  MEAN  FOB  EACH  DAY,  CORRECTED  FOB  ERRORS  OF  INDI* 
CATOR-8PRINQ8  AND  ALL  SOURCES  OF  INACCURACY. 


. 

1884.    March  27,  p.x. 

1884.    March  28,  r.M. 

Condeosing. 

Non-condensing. 

Right-hand. 

Left-hand. 

Right-hand. 

Left-hand. 

Barometric  pressure 

14.45 

14.45 

14.51 

14.51 

Initial  pressure  above  atmospliere  . 

75.23 

73.77 

76.20 

76.67 

Initial  pressure,  absolute .... 

89.68 

88.22 

90.71 

91.18 

Pressure  at  cut-off,  absolute  .    .    . 

74.06 

71.70 

72.88 

72.66 

Pressure  at  release,  absolute .    .    . 

19.91 

19.62 

25.11 

25.26 

Compression  at  end  of  stroke,  fib- 

solute 

6.02 

6. 

16.96 

17.53 

Back  pressure,  mid-stroke,  abso- 

lute      

4.09 
.265 

4.63 
.260 

15.46 
.340 

15.66 

Point  of  cut-off;  stroke    .... 

.334 

Point  of  release;  stroke    .... 

.939 

.929 

.941 

.933 

Point  of  compression,  stroke     .    . 

.927 

.938 

.905 

.922 

Mean  effective  pressure    .... 

42.02 

40.29 

37.67 

37.19 

Steam  at  cut-off,  pounds  per  indi- 

cated horse-power  per  hour    .    . 

15.78 

15.86 

20.67 

20.90 

Steam  at  release,  poimds  per  indi- 

» 

cated  horse-power  per  hour    .    . 

15.42 

15.64 

20.20 

20.65 

Mean,  steam  at  cut-off 

15. 

82 

20.78 

Mean,  steam  at  release 

16. 

,53 

20.37 

Ratio  of  steam  at  cut-off  to  feed- 

water  

« 

771 

.811 

Ratio  of  steam  at  release  to  feed- 

water 

« 

757 

■ 

795 

The  quantity  of  condcDsiDg-water  was  measured  approximately, 
and  its  temperature,  as  well  as  that  of  the  out-flow,  kept ;  and  by 
this  method  87.2  per  cent  of  the  heat  rejected  by  the  engine  was 
accounted  for.  Had  the  performance  of  the  boilers  equalled  10,000 
B.  t.  u.  usefully  imparted  to.  the  water  per  pound  of  coal  (a  result 
easily  attainable) ,  the  consumption  of  coal  per  indicated  horse-power 
per  hour  would  have  been :  — 

Condensing,  3.3  X  .868 2.86  pounds 

Non-condensing,  4.25  X  .837 3.56  pounds 

The  superheating,  while  favorable  to  the  engines,  reduced  the 
apparent  efficiency  of  the  boilers. 
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THE  ATLAS-CORLIBS   ENGINE^ 


Manufactured  by  the  Atlas  Engine  Works,  Indianapolis,  Ind.,  justly 
acknowledges  its  indebtedness  to  Mr.  Corliss,  while  it  presents  some 
peculiar  features  of  considerable  interest. 

The  four  valves,  situated  as  in  the  Corliss  engine,  are  cylindrical 
segments  actuated  by  wrist-plates ;  and  the  steam- valves  are  tripped 
by  mechanism  controlled  by  the  governor,  much  as  in  the  Corliss 
engine. 

These  steam-valves  are  placed  in  steel  bushings  having  two  port- 
openings,  which  give  a  double  length  of  opening  at  the  beginning  of 
admission,  and  also  provide  for  repair  without  disturbing  the  cylin- 
der itself.  Two  eccentrics  are  used,  in  place  of  the  single  eccentric 
of  Mr.  Corliss,  set  on  the  shaft,  —  the  exhaust  eccentric  nearly  in 
the  same  angular  position  as  in  the  Corliss  engine,  but  the  steam- 
eccentric  about  90  degrees  behind  it,  so  that  the  cut-off  has  a  range 
all  the  way  from  0  to  .875  stroke. 

These  eccentrics  are  not  placed  on  the  engine  crank-shaft,  but  on 
a  special  shaft  near  the  cylinder  driven  by  a  pair  of  equal  gears  from 
the  crank-shaft.  The  governor  is  driven  by  geai*s  from  this  eccentric 
shaft,  thus  avoiding  the  use  of  a  belt. 

The  eccentrics  are  small,  and  the  connections  are  short  and  direct. 
The  Porter  governor  is  used. 

Flat  slides  are  used,  instead  of  the  V-slides  of  Mr.  Corliss ;  and 
tlic  cross-head  pin  is  placed  in  the  middle  of  the  length  of  the  wear- 
plates,  the  wear  of  which  is  taken  up  by  adjustable  wedges. 

The  main  bearing  and  the  girder  frame  are  cast  in  one  piece. 
The  stroke  ranges  from  3  to  5  feet ;  the  speed,  from  60  to  80  revolu- 
tions ;  and  the  piston-speed,  from  480  to  600  feet  per  minute.  No 
tests  of  these  engines  have  come  to  the  knowledge  of  the  writer. 

THE   PORTER-ALLEN    ENGINE, 

Manufactured  by  the  Southwark  Foundry  and  Machine  Company, 
Philadelphia,  has  been  completely  transformed  since  its  precursor, 
the  ^^  Allen  Engine,"  was  exhibited  in  England,  and  for  a  while  man- 
ufactured by  Whitwoilh  &  Co. ;  and  considerably  improved  in  mat- 
ters of  detail  since  it  was  described  in  the  supplementary  volume  of 
Tolhausen's  Uhland,  in  1882. 

Among  these  improvements,  are  the  adjustable  ^^  pressure-plates  " 
back  of  the  steam-valves,  which  greatly  facilitate  the  keeping  of 
these  valves  tight,  and  also  serve  as  very  efficient  relief -valves  for 
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water  in  the  cylinder,  whenever  greater  pressure  exists  in  the  cylin- 
der than  in  the  steam-chest. 

The  workmanship  of  these  engines,  and  the  facilities  of  all  kinds 
provided  for  accurate  fitting  and  systematic  inspection  of  their  parts, 
are,  probably,  not  surpassed  in  any  mechanical  establishment.  The 
system  of  inspection  requires  the  exact  determination  of  the  finished 
dimensions  of  every  part,  and  the  disposal  of  the  inspected  parts 
according  to  their  degi*ee  of  conformity  to  standard  dimensions  within 
certain  prescribed  limits  of  eiTor. 

If  within  the  limit,  tlie  piece  is  accepted :  if  beyond  the  limit,  it 
is  laid  aside  for  more  accurate  fitting,  if  the  nature  of  the  defect 
admits  of  remedy ;  if  otherwise,  it  is  inexorably  rejected. 

This  engine,  by  reason  of  its  four-ported  steam  and  exhaust 
valves,  its  unbroken  valve-connections,  and  the  compensation  af- 
forded by  its  peculiar  link  for  the  inequalities  of  piston-speed  near 
the  two  extremities  of  the  stroke,  by  the  solidit}^  and  excellence  of 
its  frame,  and  by  the  skilful  adaptation  of  the  weight  of  recipro- 
cating parts  to  the  rotatory  velocity,  is  peculiarly  well  adapted  to 
high  speed. 

The  normal  speeds  range  from  850  revolutions  per  minute  for 
12-inch  stroke,  to  80  revolutions  per  minute  for  5  feet  6  inch  stroke, 
giving  piston-speeds  from  700  to  880  feet  per  minute.  Three  pairs 
of  these  engines,  11.25  inches  diameter  of  cylinder,  16-inch  stroke, 
condensing,  200  to  250  indicated  horse-power,  have  been  running 
several  years  at  the  mill  of  the  Willimantic  Linen  Company,  Willi- 
mantic.  Conn.,  at  350  revolutions  per  minute,  giving  a  piston-speed 
of  933  feet ;  and  cards  taken  from  one  of  them  by  the  writer  show 
excellent  distribution  of  steam. 

The  Porter- Allen  engine  has  been  extensively  used  for  driving 
dynamos  for  electric  lighting,  but  perhaps  its  most  signal  triumphs 
have  been  won  in  rolling  steel  plates  and  rails. 

At  the  Cambria  Iron-works,  Johnstown,  Penn.,  a  Porter- Allen 
engine,  40-inch  diameter  of  C3'linder  and  48-inch  stroke,  several  years 
ago  replaced  a  thix)ttling,  slide-valve  engine,  running  at  82  revolu- 
tions per  minute  with  empty  rolls,  but  falling  to  65  or  60  at  every 
pass,  so  that  by  the  time  a  rail  was  finished  its  temperature  was  very 
sensibly  reduced,  and  its  plasticity  greatly  lessened. 

The  Porter- Allen  engine,  nmning  at  the  unalterable  speed  of  90 
revolutions  per  minute,  finished  a  rail  with  11  passes  instead  of  15, 
without  sensible  diminution  of  temperature,  and  fully  doubled  the 
production  (2,400  tons  per  week  against  1,200),  with  greatly  reduced 
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breakage,  and  a  smaller  proportion  of  defective  rails.     Of  course 
there  were  other  incidental  advantages. 

The  Cambria  Iron-works  have  in  use,  it  is  said,  14  of  these 
engines  of  various  sizes.  An  engine  of  40-inch  cylinder,  48-inch 
stroke,  coupled  directly  to  a  train  of  rolls  at  the  Otis  Steel- works, 
Cleveland,  O.,  rolls  plates  10  feet  in  width,  and  of  less  width  50 
feet  in  length,  reducing  f  inch  at  a  pass. 

The  Troy  Steel-works,  Troy,  N.Y.,  have  three  of  these  engines, 
now  several  years  in  use,  driving  roll-trains;  and  there  are  many 
others.  One  of  these  engines,  12-inch  cylinder,  24-inch  stroke,  sup- 
plying power  to  the  Clinton  Wire-cloth  Mill,  Clinton,  Worcester 
County,  Mass.,  now  more  than  ten  years  in  use  under  the  observa- 
tion of  the  writer,  recently  ran  six  months  at  about  50  horse-power, 
as  computed  from  dally  indicator-diagrams,  with  a  mean  hourly  con- ' 
sumption  of  3  pounds  of  coal  per  horse-power,  —  all  the  coal  burned 
during  the  whole  period  being  divided  upon  the  number  of  hours 
run. 

The  coal  was  a  good  quality  of  anthracite,  egg-size.  The  engine 
is  non-condensing,  and  not  steam-jacketed,  and  during  cold  weather 
works  against  3  or  4  pounds  back-pressure,  as  exhaust-steam  is  used 
for  warming  the  mill. 

THE   HOADLEY   PORTABLE   ENGINE. 

An  engine  designed,  patented,  and  for  several  years  manufac- 
tured by  the  writer,  and  now  made  by  Messrs.  Geoi^e  T.  McLaugh- 
lin &  Co.,  Boston,  Mass.,  should  he  mentioned  as  the  pioneer  in  this 
country  of  the  large  class  of  steam-engines  with  automatic  cut-off 
controlled  by  a  centrifugal  governor  placed  on  the  crank-shaft,  of 
which  we  have  already  noticed  several  examples,  and  shall  meet 
others. 

The  genesis  of  this  device  appears  to  be  as  follows :  Richard 
Wilcox  of  Bristol  took  out  lettera-patent  of  Great  Britain,  No. 
2,574,  of  1802,  June  21,  for  several  improvements  in  steam-engines 
and  boilers,  among  which  was  a  centrifugal  regulator  attached  to  the 
arms  of  a  fly-wheel,  complete  as  an  automatic  variable  cut-off  in  all 
respects,  except  that  no  provision  was  made  for  centripetal  action, 
by  springs  or  otherwise. 

The  description  is  imperfect ;  but  the  drawing  is  clear,  and  the 
idea  of  regulating  the  speed  by  causing  the  speed  itself  to  proix)r- 
tion  the  period  of  steam-admission  to  the  requirements  of  the  load, 
is  clearly  expressed.  The  device  shown  —  a  conical  cam  shifted  end- 
wise on  the  crank-shaft  by  the  governor  —  is  substantially  the  same 
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as  that  adopted  by  Mr.  Corliss  in  one  of  his  early  engines,  erected 
at  the  Calendar  Works  in  Providence,  in  1849 ;  and  applied  in  a 
little  different  form,  about  the  same  time,  to  a  pimiping-engine  at  the 
United-States  Dry  Dock  in  Brooklyn,  N.Y. 

Isaac  Dodds  of  Masbroiigh,  and  William  Owen  of  Rotherham, 
took  ont  letters-patent  of  Great  Britain,  No.  8,219,  of  1839,  March 
16,  for  an  eccentric  of  variable  throw,  adjustable  by  hand,  by  means 
of  a  pair  of  wedges  sliding  in  grooves  on  opposite  sides  of  the 
crank-shaft,  with  their  outer  sloping  edges  parallel,  embraced  by  a 
slotted  eccentric,  so  that,  as  the  wedges  were  moved  foi-wards  and 
backwards,  the  centre  of  the  eccentric  was  moved  towards  or  from 
the  centre  of  the  shaft,  reducing  or  increasing  the  throw  without 
affecting  the  angular  advance  of  the  eccentric,  but  disarranging  the 
lead  of  the  valve. 

This  device  could  not  be  used  as  a  reverse-motion ;  and,  indeed, 
the  same  patent  describes  another  device  for  reversing,  applicable  to 
locomotives. 

Onl}'  three  months  later,  June  21,  1839,  Jacob  D.  Custer  of  Nor- 
ristown,  Penn.,  took  out  letters-patent  of  the  United  States,  No. 
1,179,  for  a  complete  and  perfect  automatic  cut-off  engine,  claiming : 
*^  Attaching  the  governor-balls  to  the  fly-wheel  of  the  engine,  and 
connecting  them  to  the  eccentric  in  the  manner  specified,  by  which 
means  the  eccentric  is  made  to  move  backwards  and  forwards  in 
relation  to  the  dead  points  of  the  crank,  and  thus  to  cut  off  the  steam 
longer  or  shorter.'* 

This  seems  to  have  been  the  first  attempt,  27  years  after  Wilcox, 
to  carry  out  his  original  invention ;  and  it  was  25  years  later  before 
another  attempt  was  made  (an  abortive  attempt),  and  29  years 
before  it  was  reduced  to  practice. 

S.  Lloyd  Wiegand,  of  Philadelphia,  took  out  letters-patent  of  the 
United  States,  Nov.  22,  1864,  No.  45,199,  for  an  oscillating  engine 
with  an  apparently  impracticable  complication  of  cams,  ratchets,  and 
pawls,  to  produce  automatic  variable  cut-off,  by  means  of  ''  a  cen- 
trifugal regulator  whose  plane  of  motion  is  coincident  with  or  par- 
allel to  the  plane  of  motion  of  the  adjustable  cam  operating  the 
induction-valves . ' ' 

No  practical  result  seems  to  have  followed  any  of  these  attempts : 
the  time  was  not  ripe. 

Wilson  Hartnell  and  Stair  Guthrie,  of  Lincoln,  took  out  letters- 
patent  of  Great  Britain,  No.  325,  of  1868,  Jan.  30,  for  a  pair  of 
swinging  arms  pivoted  upon  the  plate  of  a  case,  or  upon  the  arms  of 
fi  pulley,  or  balance-wheel,  carrying  at  their  free  ends  weights  which 
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by  various  devices  moved  a  single  slotted  eccentric  across  the  shaft, 
in  a  direction  parallel  to  a  line  joining  the  forward  and  backward 
position  of  the  centre  of  the  eccentric. 

In  one  form,  a  vibrating  arm,  pivoted  at  one  end  to  the  case,  car- 
ried at  the  other  end  a  slotted  eccentric,  swung  backward  and  for- 
ward across  the  shaft  by  the  centrifugal  action  of  the  governor-balls 
and  the  centripetal  action  of  springs.  In  another  form,  there  is  a 
rectangular  dovetailed  block  formed  on  the  end  of  the  hub  of  a  fly- 
wheel or  other  pulley,  to  guide  the  slotted  eccentric  in  its  transverse 
motion  across  the  shaft. 

A  year  later,  May  26,  1869,  Richard  Roby  and  John  Richardson, 
of  Lincoln,  took  out  letters-patent  of  Great  Britain,  for  a  marine 
governor  mounted  on  the  crank-shaft  of  a  steam-engine,  and  con- 
nected, by  means  of  a  rod  running  through  the  hollow  shaft,  with  a 
pair  of  wedges  similar  in  form  to  Dodds  and  Owen's,  but  wholly 
different  in  combination,  in  function,  and  in  operation. 

Instead  of  moving  the  slotted  eccentric  in  a  direct  line  from  its 
centre  to  the  centre  of  the  shaft,  Roby  and  Richardson's  device 
moved  it  from  the  forward  position  directly  towards  the  reverse  posi- 
tion, as  did  Hartnell  and  Guthrie's.  Roby  and  Richardson's  slotted 
eccentric  was  moved  on  a  square  boss  on  the  shaft,  between  collars 
fixed  to  the  shaft,  like  Dodds  and  Owen's.  A  cut  and  description 
of  a  portable  engine  with  this  device  was  published  in  ^^  Engineer- 
ing," V^ol.      ,  p. 

In  1870  £.  R.  and  F.  Turner  of  Ipswich  made  a  portable  engine 
with  a  slotted  eccentric  on  a  square  shaft  between  fixed  collars, 
which  was  moved  square  across  the  shaft  by  means  of  opposed 
wedges,  resembling  Dodds  and  Owen's  in  form,  and  similar  to  Roby 
and  Richardson's  in  form  and  function,  but  different  in  combination. 

Instead  of  the  marine  governor  of  Roby  and  Richardson,  E.  R. 
and  F.  Turner  employ  an  ordinary  vertical  revolving  pendulum  gov- 
ernor to  control  the  eccentric  thix>ugh  the  wedges,  by  means  of  a 
combination  of  levers  and  a  sort  of  bell-crank.  This  engine  is 
described  in  ''  Engineering,"  Vol.  X.,  p.  462. 

In  1872  the  same  £.  R.  and  F.  Turner  exhibited  at  the  Cardiff 
Exhibition  of  the  Royal  Agricultural  Society,  a  portable  engine  with 
a  Hartnell  and  Guthrie  governor,  having  a  slotted  eccentric  carried 
on  the  free  end  of  a  vibrating  link.  This  engine  was  entered  for 
competition  at  the  famous  competitive  trials  of  portable  engines,  but 
was  ruled  out  by  an  accidental  defect,  the  loosening  of  a  fly-wheel. 

Next  in  order  of  time,  comes  the  patent  granted  to  J.  C.  Hoad- 
ley,  Oct.  28,  1873,  and  an  im[x>rtant  improvement  June  29,  1875. 
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A  frame  secured  to  the  crank-shaft,  having  suitable  gibs  and  adjust- 
ing screws,  replaced  the  square  boss  on  the  shaft,  to  guide  the  slotted 
eccentric  in  its  transverse  motion.  A  pendulum,  or  vibrating  arm, 
pivoted  to  the  fly-wheel,  and  carrying  a  slotted  eccentric  at  its  free 
extremity  (Hartnell  and  Guthrie's  device) ,  since  successfully  worked 
out  by  others,  was  tried  and  abandoned,  as  too  unstable  without  a 
dash-pot. 

Leaf,  elliptic  springs  placed  on  opposite  sides  of  the  shaft,  with 
their  ends  connected  by  links  adjustable  in  length,  were  carried  in 
sliding  spring-pockets  upon  radial  arms  set  at  right  angles  to  the 
motion  of  the  eccentric,  to  which  motion  was  given  through  toggle- 
joints. 

The  springs  and  spring-pockets  formed  part  of  the  governor- 
weights  ;  and  other  weights  were  provided,  to  adjust  (in  conjunction 
with  the  strength  of  the  springs  and  the  tension  put  on  them  by  the 
links)  the  governor  to  the  normal  speed  at  which  the  centrifugal  force 
of  the  revolving-weights  and  the  resilience  of  the  springs  would  be 
in  equilibrium. 

A  single  piston-valve  received  from  the  eccentric,  by  the  opera- 
tion of  this  governor,  motions  almost  identical  with  those  produced 
by  a  well-adjusted  shifting-link ;  giving  invariable  lead,  and  variable 
cut-off,  release,  and  compression.  Regulation  was  therefore  effected 
by  changes  on  both  sides  of  the  piston,  —  by  changes  of  working- 
pressure  on  one  side,  and  of  counter-pressure  on  the  other ;  or  by 
variable  quantity  of  steam  admitted  to  the  cylinder,  and  by  variable 
working-capacity  of  cylinder. 

A  great  number  of  these  engines  are  in  use,  and  they  have  been 
often  tested.  An  official  test  of  a  common,  commercial,  portable 
engine,  H. 5-inch  cylinder  and  20-inch  stroke,  with  naked  boiler  and 
unclothed  steam-jacket  casing,  was  made  at  the  Centennial  Exhibi- 
tion in  Philadelphia,  in  1876,  by  Charles  E.  Emery  and  Charles  T. 
Portev,  with  an  efficient  corps  of  assistants. 

The  coal  used  was  ordinary  anthracite,  egg-size,  such  as  was 
used  for  all  the  boilers  at  the  Exhibition,  without  selection  or  drying, 
and  was,  in  fact,  brought  to  the  door  in  open  wheelbarrows  through 
the  rain.  An  account  of  the  trial  will  be  found  in  the  general  repoi-t 
of  the  judges  of  Group  XX.,  International  Exhibition,  Philadelphia, 
1876  (J.  B.  Lippincott  &  Co.,  Philadelphia,  1878),  pp.  152-158. 

A  few  items  of  the  results  are  subjoined  :  — 

Indicated  power i.h.p.,  80.20 

Dynamic  power d.h.p.,   72.72 

Steam  per  indicated  horse-power  per  hour lbs.,   10.88 
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Steam  per  dynamic  horse-power  per  hoiir lbs.,  21.40 

Water  per  indicated  horse-power  per  hour lbs.,  25.61 

Water  per  dynamic  horse-power  per  hour lbs.,  28.27 

Coal  per  indicated  horse-jwwer  per  hour lbs.,     3.35 

Coal  per  dynamic  horse-power  per  hour lbs.,     3.69 

Combustible  per  indicated  horse-power  per  hour lbs«,     2.05 

Combustible  per  dynamic  horse-power  per  hour lbs.,     3.26 

Coal  consumed  per  square  foot  of  fire-grate  area,  per  hour ...  21.07 
Water  evaporated  from  183°  F.,  imder  120  pounds  per  square  inch 

above  atmosphere,  per  pound  of  coal '7.65 

Do.,  per  pound  of  combustible 8.68 

Equivalent  evaporation  at  actual  steam-pressure,  135  pounds  abso- 
lute, from  2129  F.,  per  pound  of  coal 8.62 

Do.,  per  pound  of  combustible 9.78 


The  Cummer  Engine  Company^  Cleveland,  O.,  manufacture  an 
automatic  cut-off  engine,  with  flat  '^gridiron"  slide  valves,  and 
uninterrupted  valve-connections. 

The  main  steam-admission  valves  are  thin,  having  no  "cup" 
for  exhaust,  and  have  at  each  end  three  openings  for  the  passage  of 
steam,  corresponding  to  three  ports  in  the  valve-face.  They  are 
placed  against  a  vertical  face  in  the  upper  part  of  a  divided  steam- 
chest  on  the  side  of  the  horizontal  cylinder,  receive  motion  from  an 
invariable  eccentric,  and  carry  upon  their  backs  riding- valves,  thin, 
flat,  2-ported  gridiron,  and  unbalanced,  controlled  by  a  governor 
placed  on  the  eccentric-shaft. 

This  is  not  the  crank-shaft,  but  a  short  shaft  near  it,  parallel  with 
it,  and  receiving  from  it  synchronous  motion  by  means  of  a  pair  of 
equal  spur-gears  and  an  intermediate.  The  exhaust-valves  are  also 
flat,  thin,  gridiron  slides,  placed  horizontally  low  down  at  the  side  of 
the  cylinder,  below  the  steam-admission  and  cut-off  valves,  partly 
in  the  space  beneath  the  curve  of  the  cylinder,  and  are  moved  by  an 
invariable  third  eccentric. 

The  eccentric  which  moves  the  riding  cut-off  valves  is  turned  on 
its  shaft  by  a  centrifugal  governor  of  novel  and  interesting  construc- 
tion. The  shaft  which  carries  the  eccentrics  and  the  governor  is  hol- 
low, and  has  within  it  a  rod  fitted  to  slide  freely  endwise.  At  one 
end,  this  rod  is  connected,  by  means  of  a  cross-bar  extending  through 
a  slot  in  the  shaft,  with  the  swinging  arms  of  a  governor,  so  that  the 
governor  gives  endwise  motion  to  the  rod  within  the  shaft.  At  its 
opposite  extremity,  this  rod  bears  against  the  face  of  the  upright 
arm  of  a  bell-crank,  which  is  weighted  on  its  horizontal  arm ;  the 
weiglits,  which  are  adjustable,  acting  against  the  centiifugal  force 
of  the  *'  flying  weights  "  of  the  governor. 
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By  thia  arrangement,  the  governor  may  be  adjusted  to  any  nor- 
mal speed  by  merely  adding  or  removing  weights,  which  are  sus- 
pended  below  the  floor  of  the  engine-room,  fix>m  the  horizontal  arm 
of  the  bell-crank ;  and  the  whole  system  is  neutral,  and  easily  con^ 
trolled  by  the  governor. 

Increased  centrifugal  force  readily  moves  it  in  the  direction  of 
earlier  cut-off;  and  the  increased  resilience  of  a  supplementary 
spring,  acting  with  the  constant  force  of  the  adjusted  weights,  holds 
this  centrifugal  force  in  check.  The  governor  is  therefore  at  once 
sensitive  and  stable. 

The  swinging  arms  of  the  governor,  by  means  of  connecting- 
rods  attached  to  lugs  on  the  cut-off  eccentric,  turn  this  eccentric  ou 
its  shaft,  to  advance  or  retard  the  cut-off  according  to  the  requirc-* 
ments  of  the  load.  This  would  change  all  the  other  events  also,  if 
there  were  no  other  eccentric ;  but,  in  fact,  release,  exhaust-closure, 
and  admission  are  controlled  by  the  other  two  eccentrics, 'so  that  in 
these  respects  the  effect  of  the  turning  of  this  eccentric  is  masked, 
and  cut-off  alone  is  practically  varied.  These  engines  are  skilfully 
designed,  well  made,  and  bear  a  good  reputation. 

Armington^  Sims  &  Co.^  Providence,  R.I.,  have  within  a  few 
years  attained  remarkable  success  in  making  automatic  cut-off  en- 
gines, mostly  of  moderate  size,  running  at  speeds  as  high  as  350 
revolutions  per  minute,  —  lai^ely  used  in  driving  dynamos  for  elec- 
tric lighting.  These  engines  have  a  short  stroke,  an  overhung  cylin- 
der, a  compact  and  well-designed  bed-plate,  a  single  tubular  piston- 
valve,  closed  at  the  ends,  with  a  passage  through  its  middle  portion 
between  its  steam-ports  or  passages,  so  that,  when  taking  steam 
directly  at  one  end  of  the  valve,  it  is  also  admitting  it  indirectly 
from  the  other  end  through  the  hollow  valve,  giving  rapid  admission 
at  the  beginning  of  the  stroke,  almost  as  with  a  gridiron  valve. 

The  cylindrical  casings  which  foi*m  the  valve-seats  are  placed 
near  the  ends  of  the  cylinder,  making  the  steam-passages  short  and 
direct, — in  a  box  steam-chest  at  the  side,  with  a  flat  cover,  which  ou 
removal  discloses  the  valves  and  valve-seats,  and  facilitates  the  set- 
ting of  the  valve.  Double  crank-disks  are  used,  for  the  most  part, 
and  two  overhung  fly-wheels  with  belt  face. 

The  governor,  a  modification  of  Hartnell  and  Guthrie's,  presents 
considerable  novelty,  and  possesses  no  little  merit.  The  single  eccen- 
tric is  composite,  consisting  of  one  eccentric  within  another.  The 
inner  one,  with  large  eccentricity,  barely  encloses  the  engine  crank- 
shaft; the  outer  one,  of  less  eccentricit}',  free  to  turn  upon  the  inner 
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one  as  this  is  to  turn  upon  the  shaft,  carries  an  ordinary  eccentric- 
strap  connected  by  suitable  rods  with  the  valve. 

The  swinging  arms  of  the  governor  are  so  connected  with  these 
two  parts  of  the  eccentric,  as  to  cause  them  to  revolve  in  opposite 
directions.  When  the  flying-weights  are  out,  in  the  position  due  to 
the  highest  admissible  speed,  and  the  centripetally  opposing  springs 
are  most  compressed,  the  two  parts  of  the  eccentric  are  so  related 
that  the  eccentricity  of  the  inner  part  is  diminished  by  the  whole 
eccentricity  of  the  outer  part,  and  the  movement  of  the  valve  is 
reduced  to  the  sum  of  its  lap  and  lead,  and  cut-off  is  at  its  shortest ; 
just  steam  enough  being  admitted,  and  Just  enough  exhausted,  to 
keep  the  engine  running  at  normal  speed  without  resistance  other 
than  its  own  internal  resistances. 

In  the  other  extreme  position  of  the  flying-weights,  when  the 
resilience  of  the  compassed  springs  has  brought  them,  by  reason  of 
their  slightly  diminished  speed,  back  to  their  most  central  position, 
the  eccentricity  of  the  outer  part  of  the  eccentric  is  diminished  only 
in  part  by  that  of  the  inner  one,  and  the  motion  of  the  valve  is 
increased  so  as  to  delay  the  cut-off  to  about  seven-tenths  of  the 
stroke,  and  release  and  compression  are  delayed  in  equal  measure. 

This  is  accomplished  by  turning  the  inner  part  of  the  eccentric 
about  55  degrees  in  one  direction,  and  the  outer  part  simultaneously 
about  28  degrees  in  the  other  direction,  —  about  83  degrees  of  rela- 
tive motion ;  all  by  the  same  motion  of  the  swinging  arms. 

The  combination  of  these  two  motions  maintains  an  unaltered 
linear  lead  of  the  valve,  and  at  the  same  time  performs  in  a  faultless 
manner  the  function  of  guiding  the  eccentric  in  the  transverse  motion 
of  its  centre.  It  also  combines  great  delicacy  of  movement  with 
great  stability  of  position,  and  all  its  rubbing  surfaces  are  best 
arranged  for  exclusion  of  dust  and  continuity  of  lubrication. 

No  provision  is  made  for  keeping  the  piston-valve  tight,  save  by 
reaming  out  the  valve-seat  and  putting  in  a  new  valve,  —  not  a  bad 
way,  when  all  is  said. 

In  point  of  elegant  simplicity  these  engines  are  very  striking. 

A^  L.  Ide^  Springfield^  lU.^  has  recently  brought  out  an  engine 
which  presents  some  interesting  features.  The  bed-plate,  a  sort  of 
trough  set  on  its  side,  partly  embraces  the  crank-disk,  contains  the 
slides,  which  are  very  wide  segments  of  a  cj'linder,  and  is  straight  on 
top  from  the  main  bearing  of  the  crank-shaft  to  the  overhung  cylin- 
der.    The  cap  of  the  main  bearing  is  set  at  an  angle  of  about  30 
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degrees  with  the  vertical,  as  in  the  Hoadley  portable  engines,  and  id 
some  marine  engines. 

A  single  large,  hollow  piston-valve,  with  packlng-rings  at  its 
wearing-faces,  is  placed  directly  nnder  the  cylinder,  and  runs  in  steel 
bushes  inseited  in  the  steam-chest,  which  is  cast  in  one  piece  with 
the  cylinder. 

The  bushes  have  several  bars  across  their  ports,  to  keep  the  pack- 
ing-rings of  the  piston- valves  from  spreading  into  the  ports ;  and,  as 
a  further  safeguard,  the  rings  are  made  wider  than  the  ports.  Steam 
is  admitted  to  the  steam-chest  around  the  middle  portion  of  the  valve, 
and  to  the  cylinder  at  the  inner  edges  of  the  sliding-faces ;  but  at 
only  one  end  of  the  valve  at  the  same  time,  and  exhaust  takes  place 
through  the  hollow  cylindrical  valve. 

The  governor  is  a  clever  and  successful  modiUcation  of  Hartnell 
and  Guthrie's  slotted  eccentric  on  the  free  end  of  a  pendulous  arm, 
pivoted  at  the  other  end  to  the  case,  and  controlled  in  position  by 
two  long,  curved  swinging  arms  carrying  adjustable  weights,  re* 
strained  by  long  spiral  springs,  which  are  extended  when  the  arms 
are  moved  out  by  the  weights. 

A  straight  bar,  extending  from  one  of  these  swinging  arms  to  the 
other,  connects  them  in  such  a  manner  as  to  form  a  parallel  motion ^ 
and  to  cause  them  to  co-operate  in  moving  the  slotted  eccentric 
across  the  shaft. 

A  dash-pot,  connected  with  the  free  end  of  one  of  the  swinging 
arms,  integrates  all  momentai^  impulses,  and  gives  steadiness  to  the 
governor.  Motion  is  communicated  from  the  eccentric  to  the  valve 
by  a  rocker-shaft  and  arms,  as  in  a  locomotive* 

The  writer  has  never  seen  this  engine ;  but  the  published  cuts  of 
diagrams  are  excellent,  and  the  clear,  full,  and  sensible  description 
of  the  engine  given  in  Mr.  Ide's  trade  circular  evinces  careful  study 
and  skilful  adaptation. 

B.  F.  Sturtevaiit^  Boston,  Well  known  as  a  manufacturer  of  fan- 
blowers,  makes  an  automatic  cut-off  engine  of  no  little  merit.  Its 
most  marked  characteristic,  aside  from  its  compactness  and  evident 
sei'viceableness,  is  a  novel  and  peculiar  form  of  *' riding- valve," 
almost  frictionless,  under  the  control  of  a  very  ix)werful  governor  on 
the  crank-shaft,  producing  a  regularity  of  speed  sensibly  perfect. 

The  main  valve  is  long,  as  the  fiorts  are  straight,  and  thick 
enough  to  admit  cups  for  exhaust,  and  is  balanced  by  rings  on  its 
back.  The  passages  in  this  valve,  for  the  admission  of  steam  to  the 
cylinder,  do  not  extend  through  the  entire  thickness  of  the  valve,  as 
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is  usually  the  case  where  a  riding-valve  is  used ;  but  resemble  the 
exhaust-cups,  except  that  they  are  only  as  wide  as  the  ports  in 
the  cj^linder. 

Two  piston-valves,  placed  side  by  side  within  the  thickness  of  the 
main  valve,  receive  from  the  variable  cut-off  eccentric  a  differential 
movement  relatively  to  that  of  the  main  valve,  such  that  they  are 
withdrawn  just  before  the  beginning  of  the  stroke,  opening  the  pas- 
sage through  the  main  valve  into  the  cylinder,  and  returned  at  the 
dictation  of  the  governor  to  close  the  passages  and  cut  off  the  steam. 

These  piston  cut-off  valves  have  very  little  motion  in  their  seats, 
and  are  subject  to  no  lateral  pressure,  and  must  suffer  but  little  from 
wear.  At  the  same  time  a  little  leakage  past  them  would  cause  only 
very  slight  loss.  It  could  take  place  only  during  expansion  before 
the  closure  of  the  port  by  the  lap  of  the  main  valve,  that  is,  only 
in  the  earlier  stages  of  expansion ;  and  only  into  the  cylinder,  never 
directly  into  the  exhaust. 

The  cut-off  valve-stem  passes  through  the  tubular  stem  of  the 
main  valve,  which  is  fitted  with  a  stuffing-box  at  its  outer  end,  as  in 
the  Buckeye  engine,  which  this  Stui*tevant  engine  much  resembles. 

The  governor  has  four  heavy  weights  on  four  swinging  arms 
co-operating  to  compress  by  their  centrifugal  force  two  long,  pow- 
erful springs,  and  with  very  slight  motion,  moderated  by  a  dash-pot, 
give  all  requisite  movement  to  the  cut-off  eccentric,  —  turning  it  on 
the  shaft  to  hasten  or  retard  the  cut-off. 

The  weights  are  spherical,  and  are  adjustable  on  the  straight, 
threaded  arms  by  simply  turning  them,  so  that  the  most  delicate 
balancing  of  the  whole  apparatus  is  easily  attained. 

The  steadiness  and  uniformity  of  motion  obtained  in  this  engine 
are  quite  remarkable.  Indeed,  the  Moscrop  si>eed  indicator  makes  a 
straight  and  narrow  line  all  day,  even  with  great  and  sudden  vaiia* 
tious  of  load. 

TJie  Ball  Engine^  manufactured  by  the  Ball  Engine  Company, 
Erie,  Penn.,  one  of  the  latest  contributions  to  this  class  of  engines, 
having  the  governor  on  the  crank-shaft,  will  bring  our  protracted 
review  of  such  engines  to  a  fitting  close,  since  it  will  bring  to  our 
notice  an  interesting  novelty. 

This  is,  perhaps,  the  firat  successful  example  of  a  steam-engine 
regulated  not  alone  by  the  quantity  of. steam  admitted  to  the  cylinder 
and  the  quantity  retained  in  it  at  each  stroke,  as  determined  bj'  the 
speed  itself,  but,  conjointly  with  such  regulation,  the  differential 
tension  of  the  driving-belt  is  made  to  take  its  part  in  adjusting  the 
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cut-off  eccentric  on  the  crank-shaft,  and  so  in  proportioning  the  effec- 
tive pressure  to  resistance  of  the  belt  in  such  a  manner  as  to  maintain 
any  predetermined  rate  of  speed,  either  sensibly  uniform  under  all 
usual  variations  of  steam-pressure  and  of  load,  or  either  faster  or 
slower  according  to  the  adjustment,  with  higher  steam-pressure  and 
lighter  load,  or  with  lower  pressure  and  heavier  load,  or  with  both 
load  and  pressure  varying  in  any  degree, — of  course,  within  certain 
limits  in  either  direction. 

For  example,  mill-stones  may  be  made  to  run  the  faster  the  more 
rapid  the  feed,*or  with  perfect  uniformity,  or  in  any  degree  slower, 
irrespective  of  all  usual  variations  of  initial  pressure.  To  accom- 
plish this,  flying-weights  on  swuiging  arms  pivoted  to  a  fl3'-wheel, 
restrained  by  centripetally  acting  springs,  move  a  slotted  eccentric 
across  the  shaft,  as  in  the  Hartnell  and  Guthrie  governor ;  and  at 
the  same  time  another  pair  of  springs,  acting  against  the  differential 
tension  of  the  belt,  determine  the  angular  position  of  the  belt-pulley 
on  the  shaft,  and  so  directly  adjust  the  eccentric  to  earlier  or  later 
cut-off  and  compression  according  to  this  belt- tension. 

The  facility  of  running  at  higher  speed  with  heavier  load  may  be 
of  little  importance,  except  as  it  affords  the  means  of  attaining  a 
perfectly  isochronous  rotatory  motion.  This,  it  is  said,  the  trace  of 
the  Moscrop  speed-indicator  demonstrates  to  be  attainable  in  the  Ball 
engine ;  but  better  regulation  than  has  been  reached  by  the  Sturte- 
vant  engine  seems  hardly  i)ossible. 

Tlie  Lamhertville  Iron-works^  Lambertville,  N.J.,  manufacture  an 
automatic  cut-off  engine  of  the  riding- valve  type,  with  the  stem  of 
the  cut-off  valve  passing  through  the  hollow  stem  of  the  main  valve, 
as  in  the  Buckeye  and  Sturtevant  engines. 

The  cut-off  has  releasing-gear,  oi)erated  by  a  sliding  bar  which 
receives  motion  from  an  invariable  cut-off  eccentric ;  and  the  valve, 
when  released  by  tappets  adjusted  by  an  ordinary  vertical  revolving- 
pendulum  governor,  is  closed  by  the  recoil  of  a  compressed  spring. 
The  valves  are  balanced  by  a  peculiar  arrangement  of  plates  on  their 
back.  Relief-valves  are  put  into  both  ends  of  the  cylinder,  to  guard 
against  injury  from  water. 

The  published  diagrams  show  a  wide  range  of  mean  effective 
pressure,  with  excellent  lines ;  and  the  general  dosigu  of  the  engine 
is  good.  The  cut-off  vulve-gear  of  this  engine  seems  to  be  a  direct 
outgrowth  of  that  next  to  be  descrilied,  —  the  Greene  engine:  with 
which  our  notice  of  engines  of  this  class  must  close,  although  others 
not  a  few  come  to  mind,  and  appear  to  deserve  attention  no  less  than 
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some  of  the  preceding ;  and  some,  no  doubt,  are  either  unknown  to 
the  writer,  or  have  been  overlooked. 

N(A)le  T.  CheeTie^  Providence,  R.I.,  was  very  early  in  the  field 
with  a  practicable  automatic  cut-off  engine,  —  about  contemporane* 
ous  with  Corliss,  although  the  courts,  in  the  litigation  between  them, 
awarded  the  priority  to  Mr.  Corliss.  The  Greene  engine  is  now 
built  by  the  Providence  Steam-engine  Company,  after  a  long  inter- 
ruption by  an  injunction  secured  by  Mr.  Corliss  for  infringement  of 
his  patents,  which  have  now  expired. 

This  engine  as  now  built,  after  undergoing  several  alterations  of 
form,  appears  from  a  recent  trade  circular  to  have,  for  the  smaller 
sizes,  a  low,  straight  frame  with  a  flat  top-plate  a  little  higher  than 
the  top  of  the  crank-shaft,  with  the  main  bearing  of  the  crank-shaft 
at  the  end  of  the  frame,  and  the  cylinder  secured  to  the  side,  with 
the  liberating  mechanism  of  the  cut-off  valve  located  on  top  of  the 
girder,  behind  the  cylinder. 

A  larger  engine  has  a  low  bed,  or  sole-plate,  with  the  cylinder 
placed  on  top  of  it,  the  pedestal  for  the  main  bearing  of  the  crank 
rising  from  it,  and  the  slides  also  set  up  to  a  corresponding  height. 
This  looks  like  reversion  to  an  antiquated  form.  There  are  four 
valves,  moved  by  two  eccentrics,  —  the  exhaust- valves  below  the 
cylinder,  to  drain  off  accumulated  water,  and  the  steam-induction 
valves  at  or  near  the  top  of  the  cylinder.  All  are  flat  gridiron  slides. 
All  are  moved  by  rock-shafts  and  arms,  —  the  exhaust-valves  by  one, 
the  steam-valves  by  two. 

A  sliding  bar  running  in  guides  attached  to  the  side  of  the  cylin- 
der carries  two  tappets  which  move  up  and  down  in  obedience  to  a 
common  ball-governor  suspended  by  a  bracket,  and  are  held  up  to 
the  position  in  which  the}'  are  set  by  the  governor,  by  spiral  springs 
beneath  them. 

Each  tappet  has  a  vertical  outward  face,  and  a  top  sloping  away 
from  this  face  towards  the  other  tappet.  Above,  secured  on  two 
rock-shafts,  are  two  swinging  arms,  with  pendent  extremities  fitted 
to  engage  with  the  vertical  side  of  the  ratchets,  and  so  to  move  the 
valve,  and  to  push  down  the  tappet  by  its  beveled  top,  when  the  slid- 
ing-bar  is  moving  in  the  opposite  direction. 

Since  the  swinging  arms  move  in  a  circle,  while  the  sliding-bar 
moves  in  a  straight  line,  the  engaged  tappets  and  extremities  of  the 
swinging  arms  must  sooner  or  later  become  disengaged  :  the  sooner, 
the  lower  the  tappets  are  depressed ;  the  later,  the  higher  they  are 
raised ;  and  when  they  are  disengaged,  the  connection  between  th^ 
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eccentric  and  the  valve  is  broken,  the  valve  is  liberated,  and  closed 
by  the  joint  action  of  a  weight  and  of  steam-pressure  on  the  area  of 
cross-section  of  the  valve-stem. 

This  engine  bears  an  excellent  although  a  comparatively  limited 
reputation ;  and  the  fact  that  at  least  one  other  concern  —  the  Lam- 
bertville  Iron-works  —  has  adopted  it  as  a  model,  is  some  evidence 
of  merit. 

A  mere  catalogue  of  names  of  engine-builders  would  have  no 
interest  or  value ;  and  for  any  thing  more,  if  indeed  for  so  much, 
there  is  neither  space  nor  time  here. 

Steam-pumps  can  only  be  mentioned  in  passing.  More  is  hardly 
necessary ;  since  the  Woithington,  Knowles,  Blake,  Dcane,  and  other 
American  steam-pumps,  are  not  unknown  in  England. 

A  valuable  class  of  engines  used  in  steamboats,  often  with  a 
single  paddle-wheel  at  the  stem,  upon  Western  rivers  such  as  the 
Ohio,  which  during  a  part  of  almost  every  year  are  in  places  very 
shallow,  can  only  be  mentioned.  Horizontal,  with  cylinders  about 
25  inches  in  diameter  and  8  feet  stroke ;  with  poppet-valves  moved 
by  cams  and  levers,  using  steam  of  high  initial  pressure,  and  reveal- 
ing by  the  shrill  note  of  their  exhaust  a  moderate  degree  of  expan- 
sion, and  running  at  moderate  speed  of  revolution,  though  with 
pretty  high  piston-speed, — these  engines  afford  a  fine  example  of 
special  adaptation  to  peculiar  conditions. 

Portable  and  semi-portable  engines  are  made  in  countless  num- 
bers ;  not  a  few  of  considerable  merit,  but  for  the  most  part  very 
cheap,  and  far  from  economical  of  fuel. 

Straw-burning  engines  for  driving  separators  are  largely  used  in 
the  vast  wheat  and  rye  fields  of  California,  and  to  some  extent  in  the 
new  North-west,  where  there  is  no  market  and  little  use  for  straw ; 
but  in  other  parts  of  the  country,  straw  is  too  valuable  for  other  pur- 
poses to  be  used  for  fuel. 

The  writer  passed  the  harvest-season  of  1877  in  the  vast  wheat- 
fields  of  Yolo  and  Sacramento  Counties,  California,  with  a  straw- 
burning,  portable,  automatic  cut-off  engine  of  his  own  design  and 
construction,  conveniently  fitted  with  indicators ;  and  retains  pleasant 
and  profitable  lessons  gained  by  this  experience. 

A  constant  record  was  kept  of  the  feed-water  used  and  of  the 
grain  threshed  and  cleaned ;  and  diagrams  with  30  consecutive  lines 
were  taken  often  enough  to  give  a  fair  idea  of  the  indicated  power 
developed  under  various  conditions. 
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The  engine,  7.5-inch  cylinder-diameter  and  10-inch  stroke,  was 
known,  by  experiment,  at  250  revolutions  per  minute,  125  pounds 
boiler  pressure  above  the  atmosphere,  and  15  horse-power,  to  require 
SO  pounds  of  feed-water  per  indicated  horse-power  and  per  hour,  so 
that  the  consumption  of  feed-water  was  an  approximate  measure  of 
the  power  developed. 

Traction-engines,  although  made  to  some  extent,  are  yet  far  less 
common  than  in  England  and  elsewhere  in  Europe.  The  writer,  in 
the  capacity  of  depaii;ment  judge  of  Department  A,  Class  3,  at  the 
Ninth  Cincinnati  Industrial  Exposition,  in  1881,  conducted  tests  for 
economy,  in  the  Exposition  Building,  and  for  service  in  the  field  and 
on  the  road,  of  three  traction-engines,  made  by  the  Geiser  Manufac- 
turing Company,  Waynesborough,  Penn. ;  Frick  &  Co.,  of  the  same 
place ;  and  the  Huber  Manufacturing  Company,  Marion,  O. 

Two  other  traction-engines  were  entered  for  competition,  but 
withdrawn  before  the  trial.  A  detailed  report  of  these  tests  may  be 
found  in  the  report  of  the  commissioners  of  the  Ninth  Cincinnati 
Industrial  Exposition,  and  in  the  '^Scientific  Pi-oceedings  of  the 
Ohio  Mechanics'  Institute,"  May,  1882,  p.  54. 

The  two  engines  first  above  named  were  in  most  respects  admir- 
able, and  their  performance  was  very  good.  On  the  difficult  route 
assigned  them,  both  would  have  done  better  if  provision  had  been 
made  for  coupling  together  the  two  driving-wheels,  in  order  that  one, 
on  firm  ground,  might  help  the  other  out  of  a  rut,  —  this  necessary 
co-operation  being  cut  off  by  an  admirable  equalizing  gear  which 
rendered  the  engines  very  manageable  on  finn  land. 

The  best  economy  obtained  was  35.1  pounds  of  feed-water  per 
indicated  horse-power  and  per  hour,  equal  to  about  4  pounds  of  good 
coal.  Tlie  best  actual  result,  measured  in  coal  consumed,  was  6.13 
pounds  per  indicated  horse-power  and  per  hour. 

Ploughing-cngines,  as  already  said,  are  little  used  in  the  United 
States.  It  has  been  said  that  the  soil  in  this  country,  at  the  season 
for  ploughing,  is  so  dry  that  dust  is  a  great  obstacle  to  the  use 
of  steam  ploughing-cngines  ;  but  a  more  serious  obstacle  is  probably 
to  be  found  in  the  heavy  outlay  required,  and  tlie  limited  capital  at 
the  command  of  most  farmers.  The  future  development  of  this 
class  of  engines  is  to  be  expected. 

Marine  engines  must  get  but  cursory  notice  here.  Tliis  is  the 
less  to  be  apologized  for,  inasmuch  as  Maw*s  "  Recent  Practice  in 
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Marine  Engineering  "  is  not  entirely  silent  on  the  subject  of  recent 
Anx^ican  marine  engines. 

If  no  more  successful  than  the  writer  in  obtaining  information 
from  American  marine-engine  builders,  the  scant  notice  will  match 
the  scant  courtesy. 

The  most  striking  novelty  is  to  be  found  in  the  torpedo-boat 
engines  and  boilers  of  the  Herreshoff  Manufacturing  Company,  Bris- 
tol, R.I. ;  and  these  are  so  fully  described  in  Maw's  "  Marine 
Engineering,"  that  little  need  be  said  here. 

The  production  of  169.47  indicated  horae-power  in  a  boat  only 
48  feet  long  over  all,  with  engine  and  boiler  only  6,320  pounds 
weight,  including  the  usual  water-supply  in  the  boiler,  and  a  water- 
tank  capable  of  holding  720  pounds,  making  the  entire  weighjb  of 
engine  and  boiler  no  more  than  37.17  |X)unds  per  indicated  horse- 
power, is  certainly  noticeable,  as  is  the  production  of  this  power 
with  the  consumption  of  only  4.13  pounds  of  artificial  fuel  (bri- 
quettes) per  indicated  horse-power  per  hour. 

The  ability  to  make  over  100  miles  at  a  speed  of  more  than  16 
miles  per  hour,  with  no  more  fuel  than  its  bunkers  can  stow,  is  also 
worth  mentioning. 

Of  curious  engines  there  is  no  end.  Among  these  the  writer 
places  the  Westinghouse  engine,  now  much  in  vogue,  and  all  the 
rotary  engines. 

Of  these  latter <,  that  of  Richard  Dudgeon  of  New  York  is  well 
known,  although  little  used,  to  the  writer's  knowledge,  out  of  the 
shop  of  its  inventor,  where  one  has  been  running  since  1870.  An 
account  of  this  really  curious  engine  will  be  found  in  ''  Engineer- 
mg,"  Vol.  XVI.,  p.  398,  Nov.  14,  1873. 

The  rotary  engine  of  Leander  J.  Wing  of  Boston  is  less  known. 
With  great  ingenuit}'  and  equal  pertinacity  he  has  brought  his  engine 
as  nearly  to  the  excellence  of  a  good  reciprocating  engine  as  any- 
body has  yet  done  or  is  likely  to  do. 

It  remains  only  to  say  a  few  necessary  words  about  the  American 
locomotive. 

The  steady  development  of  this  grand  machine,  by  the  concurrent 
efforts  of  many  hundreds  of  men  during  more  than  fifty  years,  had 
resulted  in  a  few  general  styles,  so  well  adapted  to  the  several 
requirements  of  ordinary  passenger  -  trains,  of  express -trains,  of 
freight- trains  on  moderate  grades,  and  of  freight- trains  on  heavy 
grades,  awl  the  forms  and  proportions  of  these  several  styles  had 
become  so  well  settled,  and  so  firmly  established,  that  a  race  of 
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improved  human  beings  constructed  on  the  crustacean  instead  of 
the  vertebrate  plan  would  have  seemed  quite  as  likely  as  that  any 
marked  alteration  in  the  American  locomotive  could  ever  be  intro- 
duced. 

The  weak  point  was  the  narrow  fire-box,  and  the  limited  fire- 
grate area,  necessitating  rapid  combustion,  no  less  than  50,  80,  100 
pounds,  and  occasionally  150  to  180  pounds,  of  coal  per  hour  on 
every  square  foot  of  grate ;  and  to  this  admitted  defect  the  Ameri- 
can bar-truss  frame  contributed  in  some  small  degree. 

But  the  immense  advantages  of  this  rigid  frame  over  the  flat 
slab-frame,  which  must  be  almost  wholly  dependent  on  the  boiler 
for  needful  stiffness,  are  so  great  that  it  could  never  have  been  given 
up  for  the  sake  of  less  than  10  per  cent  increase  of  fire-grate  area. 

The  Wootten  locomotive  seems  to  have  overcome  this  difilculty. 
By  raising  the  fire-grate  above  the  top  of  the  driving-wheels,  room 
is  obtained  to  spread  it  out  to  any  desirable  width ;  and  an  area  of 
08  to  72  square  feet,  8  feet  wide  by  8.5  or  9  feet  long,  from  two  to 
four  times  as  large  as  could  be  obtained  between  the  drivers,  is  pro- 
vided. The  moderate  rate  of  combustion  required  on  this  large 
grate  is  easily  maintained  with  a  gentle  blast,  and  a  variable  ex- 
haust-nozslo  4  to  5  inches  in  diameter  gives  sufi&cient  draught  for  all 
occiuiions. 

The  result  is,  that  inferior  fuel,  coal-slack,  anthracite  or  bitumi- 
nous, or  lignite  containing  20  per  cent  of  water,  can  be  used  success- 
fully, and  in  the  vicinity  of  coal-mines  with  great  economy ;  and 
higlior  otlleiency  is  obtained  fi\xn  all  grades  of  fuel. 

Fired  at  two  doors,  and  at  a  convenient  elevation  above  the  foot- 
board, the  grates  are  easily  kept  clean,  and  the  fire  is  readily  kept  in 
a  uniform  state. 

The  large  fire-box,  with  151  square  feet  of  heating-surface  and  a 
combustion-chamber,  beyond  a  bridge-wall  of  fire-brick, '  with  32 
square  feet,  present,  all  together,  183  square  feet  of  most  efficient 
surface,  largely  exposed  to  direct  radiation  from  the  incandescent 
solid  fuel. 

The  incidental  advantages  are  equally  marked,  —  comparative 
immunity  from  cinders,  soot,  and  smoke,  and  considerably  reduced 
wear  of  furnace-plates. 

But  the  most  remarkable  circumstance  is,  that  raising  the  centre 
of  gravity  is  said  to  have  noticeably  improved  the  ease  of  the  engine 
on  the  rails,  and  the  steadiness  and  smoothness  of  running. 

The  illustration  offered,  namely,  that  a  stick  loaded  at  one  end 
can  be  more  easily  balanced  on  the  finger  with  the  loaded  end  upper- 
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niOBt,  may  n6t  present  a  tnie  analogy,  bat  it  is  perhaps  as  nearly 
so  as  comparison  with  the  stability  of  a  vessel  with  centre  of  gravity 
high  or  low. 

On  the  1st  of  Janoary,  1884,  the  Philadelphia  and  Reading  Rail- 
road Company  report  171  of  these  engines,  nsing  waste  anthracite 
exclusively  for  fuel,  and  that  83  per  cent  of  the  main-line  coal  ton- 
nage of  the  previous  year  had  been  moved  by  locomotives  using  such 
waste  fuel,  resulting  in  a  saving  during  the  year,  in  that  item  alone, 
of  $878,000. 

The  first  one  constructed  had  completed  its  seventh  year  of  ser- 
vice, and  had  run  183,904  miles  in  coal  and  freight  train  service ;  yet 
no  evidence  of  wear  or  deterioration  of  fire-box  plates  was  apparent. 
The  mean  annual  mileage  of  this  engine  is  26,272. 

Twenty  engines  in  all,  put  in  service  between  January,  1877,  and 
March,  1881,  had  each  run  more  than  120,000  miles,  7  on  passenger- 
trains,  2  on  freight-trains,  and  11  on  coal-trains,  with  a  mean  annual 
run  of  33,660  miles,  without  showing  any  sensible  wear  of  the  fire-box 
plates. 

It  may  be  that  the  experience  with  these  locomotives  is  yet  too 
slight  to  warrant  safe  conclusions  as  to  their  permanent  qualities ; 
but  they  appear  to  constitute  one  of  America's  most  important  contri- 
butions toward  the  improvement  and  development  of  the  locomotive 
of  the  future. 

A  locomotive  built  by  the  Baldwin  Locomotive  Works  of  Phila- 
delphia, for  the  Central  Railroad  of  New  Jersey,  designed  for  fast 
passenger  service,  will  give  a  fair  idea  of  good  American  practice. 
This  engine,  No.  169,  one  of  four  altogether  similar,  save  that  two 
had  cylinders  19  by  24  inches,  while  this  and  another  had  cylinders 
18  by  24  inches,  is  fully  described  and  illustrated  in  "The  American 
Machinist,"  New  York,  Jan.  7,  1882. 

It  has  4  drivers  coupled,  68  inches  in  diameter ;  rigid  wheel  base ; 
tread  to  tread  of  drivers  and  of  truck- wheels,  7  feet  6  inches ;  dis- 
tance from  mid-point  between  drivers  to  centre  of  truck,  14  feet 
2  inches;  tnick-wheels  30  inches  in  diameter;  gauge,  4  feet  8.5 
inches.  A  swinging  bolster  on  the  truck  gives  flexibility  to  the  run- 
ning gear,  which  carries  the  weight  of  the  boiler  and  engines  precisely 
as  two  independent  four-wheeled  carriages  would  carry  it. 

The  fire-box  is  set  on  top  of  the  frame,  the  upper  bar  of  which 
slopes  forward  from  the  top  of  the  jaws  of  the  trailing-wheels  directly 
towards  the  main  driving-axle,  and  is  joined  to  the  after  jaw  of  that 
axle-box  at  the  middle  of  its  height ;  and  is  3  feet  7.75  inches  wide 
by  10  feet  5  inches  long,  giving  38  square  feet  fire-grate  area. 
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The  fire-grate  is  formed  of  10  water-tubes  2.25  inches  in  diameter 
outside,  and  4  solid  bars  which  can  be  withdrawn  for  cleaning  out 
clinkers,  and  has  a  slope  forwaixl  of  12  inches,  the  rear  end  being  a 
few  inches  above  the  bottom  of  the  water-space.  The  boiler  has  200 
tubes  2  inches  outside  diameter,  and  11.49  feet  long;  145  square  feet 
of  heating-surface  in  fire-box,  1,175  in  flues,  and  1,320  in  all. 

The  total  weight  of  the  locomotive,  in  working  order,  is  93,000 
pounds,  —  say  41.52  tons  ;  and  normal  steam  pressure  is  140  pounds 
per  square  inch  above  the  atmosphere,  —  say  10.5  atmospheres  al)80- 
lute.  The  train  usually  consists  of  five  cars ;  namel}',  one  baggage- 
car,  one  express-car,  one  Pullman  drawing-room  coach,  and  two 
ordinai7  passenger-coaches ;  and  schedule  time,  37  minutes,  is  easily 
made  between  Jersey  City  and  Bound  Brook,  32  miles,  — 52.16  miles 
an  hour.  This  distance  has  been  run  in  33  minutes,  say  at  the  rate 
of  58.2  miles  an  hour. 

Three  miles  upon  the  route  have  been  run  in  2  minutes  and  24.5 
seconds,  and  frequently  covered  in  2.5  minutes ;  and  a  single  mile 
has  been  run  in  45  seconds,  —  timed  Ixjtween  mile-posts  with  a  stop- 
watch. These  times  eoirespond  to  s^^eds,  for  three  miles,  of  74.74 
miles  and  72  miles  an  hour ;  and,  for  a  single  mile,  80  miles  an  hour. 

The  same  builders  made  in  1883,  for  the  Cantagallo  Railway, 
Brazil,  thi'ee  locomotives,  bearing  the  numbers  28,  29,  and  30,  of  43^ 
inches  gauge,  weighing  40.5  tons  in  working-oixler,  which  draw  ti*ains 
weighing  40  tons  up  a  grade  of  8.3  feet  in  100  (438.28  feet  per 
mile),  with  a  succession  of  reveree  curves  of  131  feet  radius,  —  43.8 
degrees  per  100  feet,  —  by  ordinaiy  adhesion  alone. 

These  engines  have  cylinders  18  by  20  inches ;  6  driving-wheels, 
connected,  39  inches  in  diameter ;  wheel  base,  9  feet  6  inches ;  boiler 
54  inches  in  diameter,  with  190  flues  2  inches  outside  diameter  and 
10  feet  9  inches  long,  and  side  tanks  carried  on  the  locomotive. 

The  most  notable  change  that  has  been  made  in  the  American 
locomotive  in  the  past  twenty  3'ears  has  been  a  gradual  increase  of 
weight.  On  the  Penn83'lvania  Railroad,  since  1867,  locomotives 
of  the  same  class  have  increased  in  weight  from  33  to  35  t<:)ns,  up  to 
41  to  45  tons,  in  working-order.  All  their  engines  have  air-brakes 
applied  to  the  driving-wheels,  and  all  their  passenger  engines  are 
equipped  with  scoops  for  picking  up  water  while  running. 

All  their  boilera  are  made  of  ojxjn-hearth  steel,  fire-boxes 
included  ;  rivets  and  stay-bolts  of  iron.  All  have  water-grates  made 
of  tubes  13  inches  diameter  outside,  and  J  inch  thick. 

All  locomotives  have  flexible  running-gear,  by  means  of  the 
swinging  bolster  truck.     A  perfect  system  of  standard  dimensions 
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and  interchangeable  parts  for  engines  of  the  same  class,  greatly 
reduces  the  delay  and  cost  of  repairs. 

Perhaps  the  most  thorough  test  of  locomotive  performance  in 
ordinary  work,  considered  merely  as  a  steam-boiler,  and  a  double 
steam-engine,  ever  made  in  the  United  States,  was  canned  out  by 
Mr.  John  W.  Hill,  in  July,  1878,  on  the  Cincinnati,  Hamilton,  and 
Dayton  Railroad,  upon  a  Baldwin  engine.  No.  36,  drawing  a  train 
of  35  loaded  box  freight- care,  and  a  caboose-car,  weighing  in  the 
aggregate  649  tons,  and  with  the  mean  dead  load  of  engine,  tender, 
coal,  and  water,  60  tons,  699  tons,  or  1,565,583  pounds.  * 

A  very  complete  and  well-digested  account  of  this  test  appears 
in  the  Journal  of  the  Franklin  Institute,  Philadelphia,  for  April 
and  May,  1870 ;  and  only  a  very  brief  abstract  of  results  can  be 
reproduced  here. 

At  the  time  of  the  test,  the  engine  had  been  out  of  the  builders* 
shop  22  months,  and  had  nm  55,471  miles,  and  was  taken  with  only 
ordinaiy  examination  and  adjustment.  The  distance  from  Cincin- 
nati to  Dayton,  57.7  miles,  was  divided  into  three  runs:  Cincinnati 
to  Hamilton,  24.7  miles;  Hamilton  to  Twin  Creek,  15.9  miles;  and 
Twin  Creek  to  Dayton,  17.1  miles. 

The  fii-st  run  was  nearly  level  for  about  6  miles,  then  rose  by  a 
nearly  uniform  grade  of  18.2  feet  per  mile,  to  a  summit  182.14  feet 
above  the  starting-^wint,  and  then  descended  88.15  feet  in  8.8  miles 
to  a  point  93.99  feet  higher  than  the  starting-ix>int,  making  the 
mean  grade  for  the  24.7  miles  3.81  feet  per  mile. 

The  aggregate  curvature  on  this  first  run  was  315  degrees  32 
minutes  15  seconds,  a  mean  of  12  degrees  46  minutes  29  seconds 
per  mile,  divided  among  twelve  curves,  chiefly  of  1  degree,  having 
a  mean  radius  of  5,032  feet. 

The  second  ran  presented  a  nearly  uniform  grade  of  6.68  feet 
per  mile,  rising  106.26  feet  in  15.9  miles,  making  the  total  net  ascent 
in  40.6  miles,  200.25  feet.  The  aggregate  curvature  on  this  second 
run  was  105  degrees  15  minutes,  a  mean  of  6  degrees  37  minutes 
10  seconds  per  mile,  divided  among  three  curves  of  1  degree,  and 
one  of  0  degree  50  minutes,  having  a  mean  radius  of  6,115  feet. 

The  thii*d  run  rises  with  a  nearly  uniform  grade  of  3.84  feet  \yeY 
mile,  65.61  feet  in  the  17.1  miles,  gaining  an  altitude  of  265.86  feet 
above  the  stai-ting-ix)int  in  57.7  miles,  a  mean  (net)  of  4.608  feet 
l^er  mile.  The  aggregate  curvature  on  this  third  run  is  256  degrees 
54  minutes,  a  mean  of  15  degrees  2  minutes  28  seconds  per  mile, 
divided  among  six  curves,  mostly  of  1  degree,  having  a  mean  radius 
of  4,831  feet. 
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Considered  as  a  whole,  the  route  presented  an  a^^r^ate  curva- 
ture of  677  degrees  41  minutes  15  seconds,  a  mean  of  11  degrees 
44  minutes  42  seconds,  per  mile,  with  a  mean  radius  of  5,124  feet. 

The  first  run  was  made  in  1  hour  and  26  minutes,  at  the  rate 
of  17.23  miles  per  hour ;  but  the  first  15.9  miles  occupied  about  1 
hour  and  7  minutes,  a  speed  of  about  14.2  miles  per  hour,  and  the 
8.8  miles  down  grade  was  made  in  about  19  minutes,  —  a  speed 
nearly  double,  27.8  miles  per  hour. 

The  second  run  —  heavier  in  grade  but  easier  in  curvature  —  was 
made  in  42  minutes,  at  the  rate  of  23.67  miles  per  hour,  an  increase 
of  speed  of  37.4  per  cent,  obtained  at  gi*eat  cost  of  fuel. 

The  third  run  occupied  50  minutes,  at  a  speed  of  20.5  miles  per 
hour.  The  whole  distance,  57.7  miles,  was  run  in  two  hours  and 
58  minutes,  running-time,  at  a  mean  speed  of  19.45  miles  per 
hour. 

Sets  of  diagrams  were  taken  from  both  ends  of  both  cylinders 
at  regular  intervals  of  2  minutes,  —  40  sets  during  the  first  run,  20 
during  the  second,  and  21  during  the  third  run.  Twelve  selected 
sets  of  these  diagrams  are  published,  and  show  excellent  valve- 
adjustment. 

£very  diagram  —  324  in  number  —  was  separately  computed  for 
power,  and  expenditure  of  steam,  the  power  ranging  from  725.94 
indicated  horse-power  on  up  grade  at  high  speed,  to  30.64  indicated 
horse-power  on  down  grade,  at  low  speed  ;  and  the  results  are  tabu- 
lated separately  for  each  cylinder,  and  for  each  run.  A  condensed 
summary  is  subjoined. 


Boiler-pressure 

Revolutions  per  minute 

Initial  pressure 

Cut-off,  in  terms  of  stroke 

Release,  in  terms  of  stroke 

Terminal  pressure        

Counter  pressure 

Exhaust  closure,  in  terms  of  return  stroke 

Mean  effective  pressure 

Mean  indicated  horse-power 

Steam  per  indicated  horse-power  per  hour, 
pounds  computed  from  diagrams    .... 


Bint  Run. 
24.7  Miles. 


122 

100.473 
08.542 
.5276 
.8787 
43.579 
2.380 
.7652 
64.946 
291.06 

27.46 


Second 

Run. 

16.9  Ifiiea. 


124 

124.129 
107.096 
.5149 
.8761 
44.989 
5.924 
.7454 
64.179 
368.66 

26.88 


Third  Run. 
17.1  Miles. 


123 
133.25 
105.516 
.5290 
.8716 
43.690 
6.186 
.7499 
63.200 
388.50 

26.57 
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Condensed  Suhmabt  (Concluded). 


Feed-water  per  indicated  horse-power  per  hour, 
pounds 

Ratio  of  steam  to  water 

Coal  per  indicated  horse-power  per  hour, 
pounds    

Coal  with  uniform  evaporation  of  0  pounds  of 
water  per  pound  of  coal  per  indicated  horse- 
power per  hoiu*,  poimds 

Coal  burned  per  square  foot  of  fire-grate  area 
per  hour,  pounds 

Evaporation  per  pound  of  coal 

Equivalent  evaporation  from  and  at  212^  Fah. 
pounds  of  water  per  i)ound  of  coal     .    .    . 

Mean  temperature  of  feed-water,  degrees  Fah- 
renheit     


Flnt  Run. 
24.7  MlleB. 


32.28 
.8507 

4.238 


8.086 

83.01 
7.07 

8.36 

78.50 


Second 

Run. 

15.9  Miles. 


33.40 
.8027 

7.033 


3.711 

171.82 
4.51 

5.34 

77.00 


Third  Run. 
17.1  Miles. 


31.96 
.8310 

5.a50 


3.551 


117.27 
6.22 

7.30 

86.30 


The  leading  dimensions  of  boiler  and  engines  are  given  below. 

Fire-box,  63  inches  long,  34.5  inches  wide,  60.5  inches  high. 
Barrel,  10  feet  8  inches  long,  48  inches  in  diameter.  Flues,  138, 
2  inches  outside  diameter,  11  feet  long.  Heating-surface,  square 
feet  fire-box,  93.85,  tubes  794.82,  front  tube-sheet  10.00,  aggregate 
898.67. 

Fire-grate  area,  15.09  square  feet;  ratio  of  heating-surface  to 
fire-grate  area,  59.65  to  1. 

Engines  :  cylinders,  16-inch  diameter,  24-inch  stroke;  piston- 
rods,  right-hand  2.75  inches,  left-hand  2.8125  inches  diameter; 
mean  net  .area  of  pistons,  right-hand  198.09  square  inches,  left- 
hand  197.91  square  inches ;  clearance  in  terms  of  sti*oke,  .076. 

Gauge,  4  feet  8.5  inches;  diameter  of  the  four  driving-wheels 
coupled,  61  inches;  driving-wheel  base,  8  feet;  whole  length  of 
wheel-base,  22  feet ;  total  weight  of  engine  with  two  gauges  of  water, 
32.24  tons  (72,220  pounds).  Weight  on  driving-wheels,  20.02  tons 
(44,840  pounds). 

The  consumption  of  water  above  given  includes  all  that  was 
blown  off  at  the  safety-valve,  and  used  at  the  whistle  and  gauge 
cocks,  and  in  experiments  with  a  calorimeter.  Allowing  for  these 
losses,  Mr.  Hill  estimates  the  quantity  used  by  the  engine  cylinders 
in  producing  power,  at  30.02,  31.05,  and  29.72  pounds  per  indicated 
horse-power  per  hour,  respectively,  for  the  three  runs. 
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At  all  events,  the  performance  of  the  engines  considered  by 
themselves  was  highly  satisfactory.  The  coal  was  Pittsburgh  No.  2, 
screened  and  picked,  supposed  to  be  the  best  available  at  Cincinnati. 

With  a  pressure  at  release  of  44  to  45  pounds,  and  a  back-press- 
ure on  the  pistons  of  5  to  6  ]:X)unds  per  square  inch  above  the  at- 
mosphere, the  loss  by  unconsumed  coal  blown  out  at  the  smoke-stack 
must  have  been  considerable,  and  may  have  been,  as  Mr.  Hill  esti- 
mates, 20  per  cent,  or  more.  But  this  only  sets  in  a  clearer  light  the 
iuadequac}'  of  the  fire-grate  area. 

With  a  grate  as  in  the  Wootten  engine,  four  and  a  half  times  as 
large,  the  highest  rate  of  combustion  would  have  fallen,  with  equal 
coal-consumption,  from  172  to  38.2  per  square  foot  of  fire-grate  per 
hour,  and  might  well  have  been  reduced,  through  increased  economy, 
to  20  pounds. 

On  a  portion  of  the  first  run,  from  observation  12  to  observation 
31,  the  engine  ran,  in  38  minutes,  8.8614  miles  up  an  incline  nearly 
uniform,  of  18  67  feet  per  mile,  equal  to  1  in  283,  gaining  an  eleva- 
tion of  165  44  feet,  at  the  rate  of  14  miles  per  hour. 

The  total  weight  of  the  train  at  this  point  was  a  little  over  700 
tons,  say  1,568,000  pounds ,  and  the  absolute  lift  in  38  minutes  was, 
when  reduced  to  dynamic  horae-power,  — 

1,568,000  X  105.44  ^  206,87  d  h.  p. 
38  X  33,000  ^ 

The  mean  indicated  horee-ix)wer  during  this  same  period  of  38 
minutes,  deduced  from  19  sets  of  diagrams,  was  312.37.  The  differ- 
ence, 312.37  —  206.87  =  105.5,  which  is  33  77  per  cent  of  the 
gross  indicated  horse-power,  represents  all  the  resistances  of  train 
and  engine  other  than  the  dead  lift. 

Mr.  Hill  estimates  the  internal  resistances  of  the  locomotive, 
from  experiments  made  with  it  when  run  without  load,  at  average 
speed,  — ''  diagrams  taken  as  fast  as  ix)ssible,"  —  as  equal  to  33.384 
indicated  horse-power,  which,  divided  by  312.37,  gives  10.66  per 
cent ;  and  the  additional  fnctions  of  the  engine,  due  to  the  load,  at 
5  i>er  cent  of  the  remainder,  and  .05  (100  -  10.66)  =  4.46.  The 
sum,  10  66  -h  446  =  15  12  i)er  cent,  represents  the  engine  resist- 
ances ;  and  this  subtracted  from  the  gross  resistances,  33.77  ixjr 
cent,  leaves  18.65  per  cent  of  the  mean  indicated  power  for  train- 
resistances  proper,  other  than  the  dead  lift,  equal  to  28.16  per  cent 
of  the  ix)wcr  expended  in  the  dead  lift  itself. 

This  is  undoubtedly  too  little,  as  it  gives  only  2.414  pounds  resist- 
ance per  ton,  say  — .     If  we  assume  that  the  descending  grade 

1/  ^  •  •  t.' 
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compensates  for  an  equal  height  of  ascending  grade,  we  have  93.99 
feet  rise  in  24.695  miles,  and  the  co-eflicient  of  resistance  becomes 

6.62  per  ton,  say .     All  the  data  of  the  three  runs  are  brought 

together  in  the  following  table :  — 


No.  of  Ran. 

Tabular  Nos. 

of  Diagrams 

Talien. 

Distance  Run, 
in  Miles. 

Mean  Curva- 
ture; Degrees 
per  Mile. 

Total  Net 
Rise,  in  Feet. 

Total  Mean  In- 
dicated  Power, 

indicated 
horse-power. 

I 

I 

II.      ... 
HI.    .    .     . 
I.,  II.,  III.. 

13  to  31 
1  to40 
1  to  20 
1  to  21 

8.86 
24.695 
15.87 
17.08 
57.645 

14®  48' 
120  46' 
6°  37' 
15°  25' 
11°  45' 

165.44 
93.99 

106.26 
05.61 

265.86 

312.37 
291.96 
368.66 
388.50 
3:37.17 

No.  of  Rtin. 

Resistance  of 
Ixxiomotive ; 

indicated 
horse-power. 

Friction  of 
Locomotive  due 
to  Train  Resist- 
ance; indicated 

horse-power. 

Net  Power 
Applied 
to  Train;  dy- 
namic  horse- 
power. 

Dead  Lift 

of  Train ; 

dynamic 

horse-power. 

= » 

Resistance  of 
Train  on  a 
Level;  dy- 
namic horse- 
jMJwer. 

I 

I 

II.  ... 

III.  ... 
I.,  II.,  III.. 

a3..38 
33.38 
3.3.38 
33.38 
a3.38 

13.95 
12.93 
16.77 
17.76 
15.19 

265.04 
245.65 
318.51 
337.36 
288.60 

206.55 
48.17 

120.21 
62.19 
65.83 

58.49 
107.48 
108.30 
275.17 
222.17 

No.  of 
Run. 

Resistance  of 

Train  in  Pounds 

per  Ton,  r. 

Ratio  of  Resist- 
ance to  Weight 
of  Train. 

No.  of 
Run. 

Resistance  of 

Train  in  Pounds 

per  Ton,  r. 

Ratio  of  Resi««t- 

ance  to  Weight 

of  Train. 

I.      .     . 

I.  .     . 

II.  ,     . 

2.414 
6.620 
5.051 

1 

027.9 

1 
338.4 

1 
443.4 

in..   . 

I.  .   . 

II.  .   . 

III..   . 

7.754 

• 

'      7.260 

1 

1 
28S.9 

1 
30S.5 
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The  total  resistance  of  the  locomotive,  ascertained  by  experiment 
to  be  equal  to  33.88  indicated  horse-power,  which  is  9.9  per  cent  of 
the  mean  total  indicated  power  (337.17  indicated  horse-power),  is 
made  up  of  two  parts :  first,  the  resistance  of  the  wheels  on  the  rails, 

which,  at  its  mean  value,  6.688  pounds  per  ton  (  j,  amounts  to 

17.23  indicated  horse-power,  equal  to  5.11  per  cent,  leaving  16.15 
indicated  horse-power,  equal  to  4.79  per  cent  of  the  total  mean  indi- 
cated horse-power,  as  the  sum  of  the  internal  frictions  of  the  engine 
when  propelling  only  itself  and  its  tender,  49.174  tons,  at  mean 
velocity.  The  respective  speeds  were :  for  part  of  the  first  run,  No. 
13  to  No.  31,  ascending  grade  18.21  feet  per  mile^  14  miles  per 
hour;  for  the  entire  first  run,  ascending  182.14  feet,  then  descend- 
ing 88.15  feet,  net  rise  93.99  feet,  mean  grade  3.809  feet  per  mile, 
17.23  miles  per  hour;  second  run,  ascending  grade  6.683  feet  per 
mile,  22.67  miles  per  hour;  third  run,  ascending  grade  3.837  feet 
per  mile,  20.496  miles  per  hour.  The  mean  speed,  mean  net  rising 
grade  3.809  feet  per  mile,  was  19.431  miles  per  hour.  These  figures 
indicate  that  the  rolling  resistance  of  this  train  was  less  than  it 
is  given  in  D.  K.  Clark's  tables,  than  which  nothing  is  more  likely. 
But  this  whole  subject  has  been  too  little  studied,  and  the  writer  has 
devoted  to  this  trial  more  time  than  he  oould  have  done  if  it  were  not 
almost  alone  in  this  field. 

Some  examples  of  locomotive  performance,  which  the  writer  has 
taken  no  little  pains  to  verify,  will  close  this  portion  of  our  subject. 

Locomotive  No.  137,  Boston  and  Albany  Railroad,  built  in  the 
repair-shop  of  the  company  at  Boston,  under  the  chaige  of  Mr. 
George  H.  Colby,  division  master  mechanic,  was  placed  in  service 
April  23,  1883,  and  after  running  seven  days  to  Worcester,  44  miles 
and  return,  making  616  miles,  was  put,  on  April  30,  into  regular 
express-train  service  between  Boston  and  Springfield,  making  the 
round  trip  in  6  hours,  about  3  hours  each  way.  The  distance,  com- 
monly called  100  miles,  is,  by  measurement,  98.63  miles,  making  the 
round  trip  197.26  miles.  She  continued  in  this  service  until  July  10, 
1884,  14  months  and  11  days,  say  438  days,  with  the  loss  of  only  2 
days  for  trivial  repairs,  —  in  one  case,  the  tightening  of  an  eccentric, 
—  but  made  some  extra  runs,  so  that  her  mileage  was  in  all  87,190 
miles,  making  her  daily  mean  for  the  438  days  197.65  miles,  at  the 
rate  of  72,192  miles  per  annum;  and  for  the  436  daj'^s  of  actual 
service,  198.11  miles.  On  the  10th  July,  1884,  she  was  taken  into 
the  shop;  and  in  the  four  days,  July  11,  12,  14,  15,  without  any 
work  on  nights  or  on  Sunday,  her  tires  were  turned,  her  valves  faced, 


MECHANICAL  SCXEKCE,  851 

aDd  ftU  parts  were  pnt  in  perfect  order,  induding  painting  and  var- 
nishing all  over ;  and  on  the  16th  slie  resumed  her  regular  service. 

The  road  is  very  crooked,  and  presents  curves  of  573  feet  radius 
(10^  curves)  ;  and  although  the  western  end  of  the  route  is  only  60 
feet  higher  than  the  eastern  end,  the  rise  to  the  summit,  57.25  miles 
from  Boston,  is  893  feet,  and  the  descent  thence  to  Springfield,  in 
41.38  miles,  is  883  feet,  making  the  mean  rising  grade,  going  west, 
15.5  feet  per  mile,  and  going  east,  20.13  feet;  and  there  are  several 
inclines,  3  to  5  miles  in  length,  of  38  to  60  feet  per  mile.  The  train 
comprised  2  baggage  and  express  cars,  4  sleeping-cars,  and  3  to  5 
first-class  long  passenger-cars,  usually  weighing  and  often  exceeding 
300  tons,  —  say  672,000  pounds,  locomotive  and  tender  included. 
From  May  1,  1883,  to  July  1,  1884,  a  period  of  14  months  (427 
days),  this  engine  has  a  record  of  84,596  miles, —  427  round  trips, 
with  a  total  consumption  of  coal  equal  to  1,965.625  tons,  4.603  tons 
per  round  trip,  52  pounds  per  mile,  0.1733  pounds  per  ton  per  mile, 
1,718.6  pounds  per  hour,  and  a  mean  per  hour,  on  each  square  foot 
of  grate  —  up  grade  and  down  grade  —  of  95.48  pounds.  The  power 
could  not  have  been  less,  as  a  mean,  than  340  indicated  horse-power, 
rising  at  times,  probably,  to  600 ;  and  the  mean  consumption  of  coal 
was  about  5  pounds  per  indicated  horse-power  and  per  hour. 

The  oil  used  for  lubrication,  in  the  same  period,  was  1,120.5 
gallons,  equal  to  75.51  miles  per  gallon ;  and  the  cost  of  oil  and 
waste  was  $622.55,  equal  to  0.736  cent  per  train-mile,  and  repairs 
would  not  bring  the  aggregate  up  to  1  cent.  Coal  was  taken  at 
Boston  for  the  round  trip.  At  the  exorbitant  price  of  $5  per  ton, 
the  cost  of  fuel  per  train-mile  was  about  11.6  cents,  and  per  mile* 
ton,  0.039  cent.  There  are  seven  engines  of  this  description  now 
in  use  on  this  road,  and  others  in  construction.  The  leading  dimen- 
sions are  as  follows :  Cylinders,  18  inches  diameter,  22  inches  stroke ; 
4  driving-wheels  connected,  68.75  inches  diameter,  100  inches  centre 
to  centre ;  total  wheel-base,  22  feet  4^  inches.  Boiler,  wagon-top, 
barrel  52  inches  diameter  outside  of  small  courses,  ^  inch  thick,  flue- 
sheets  ^  inch,  fire-box  f  inch,  all  Nashua  Company's  steel ;  221  semi- 
steel  tubes,  2  inches  outside  diameter,  10  feet  10^  inches  long 
between  tube-sheets,  f  inch  apart ;  fire-grate  area,  18  square  feet ; 
heating  surface,  in  fire-box  130  square  feet,  flues  inside  1,140 
square  feet,  total  1,270  square  feet.  Total  weight,  87,000  pounds 
(38.839  tons)  ;  weight  on  drivers,  55,000  iK>uuds  (24,554  tons)  ; 
normal  pressure,  160  t)ounds  per  square  inch  above  the  atmosphere, 
say  11.88  atmospheres,  absolute. 

The  "  Pacific,"  built  by  the  Lawrence  Machine  Shop,  of  which 
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the  writer  was  superintendent,  was  placed  in  service  on  the  Boston 
and  Maine  Railroad,  April  16,  1855,  and  continued  to  run  regularly 
double  round  trips  between  Boston  and  Lawrence,  distance  26  miles, 
daily,  except  Sundays,  or  on  other  equivalent  routes,  until  the  close 
of  1883,  a  period  of  28  years  9^  months.  The  recoi*d,  subsequent 
to  1876,  was  destroyed  by  fire  a  year  ago ;  but  one  book  escaped, 
which  shows  when  this  engine  was  in  the  repair-shop,  and  the  amount 
of  repairs  upon  her,  from  the  start,  down  to  Dec.  23,  1873, 18.8  years. 
The  superintendent  of  repairs  on  this  road,  Mr.  William  Smith, 
ran  the  ^^  Pacific''  thirteen  and  a  half  years,  making  an  aggregate 
mileage,  during  that  time,  of  417,879  miles.  Mr.  Smith  is  perfectly 
familiar  with  her  performance  since  1873;  and  from  information 
obtained  from  him,  and  from  the  record,  which  I  have  transcribed, 
it  appears  that 

Her  total  mileage  on  passenger-trains,  in  28.8  years,  was  .     .    .  891,475 
And  her  subsequent  mileage  on  gravel-trains,  to  Aug.  1, 1884,  is    12,780 

Total  mileage 904,255 

She  has  had  one  new  fire-box,  and  one  new  set  of  flues,  and 
other  extensive  repairs,  and  is  now  in  good  serviceable  order ;  and 
more  than  one-half  of  the  weight  of  the  original  material  originally 
put  into  her  is  in  her  to-day.  This  engine  has  outside  connections, 
shifting  link  valve-gear,  cylindei*s  15  inches  diameter,  22  iuches 
stroke,  4  connected  drivers  66  inches  diameter,  and  a  centre-bearing 
truck.  Total  weight  27.5  tons,  weight  on  dinving-wheels  17  tons. 
Price,  in  dear  times,  $8,500,  say  £1,756. 

The  statement  summarized  below,  of  the  performance  of  three 
locomotives  on  the  Hudson  River  Division  of  the  New  York  Central 
and  Hudson  River  Railroad,  was  kindly  furnished  to  the  writer  by 
Mr.  William  Buchanan,  superintendent  of  motive-power  of  that 
division. 

The  three  engines,  designated  as  No.  10,  No.  33,  and  No.  34, 
are  of  the  following  general  dimensions  :  Cylinders,  17  inches 
diameter,  24  inches  stroke ;  driving-wheels,  69  inches  diameter ;  fire- 
boxes of  steel,  flues' of  semi-steel;  weight  in  running  order,  31.473 
tons  (70,500  pounds)  ;  weight  on  driving-wheels,  20.022  tons  (44,850 
pounds)  ;  average  trains,  2  baggage  and  mail  cars  52  tons,  2  draw- 
ing  room  or  sleei)ing  cars  64  tons,  5  firet-class  passenger-cai's  125 
tons,  engine  31  tons,  tender,  half  loaded,  22  tons ;  total,  294  tons. 
Average  speed  of  trains,  38  miles  per  hour.  Period  of  time  covered, 
6  years,  from  December,  1876,  to  December,  1882,  for  No.  10  and 
No.  33 ;  and  from  March,  1877,  to  March,  1883,  for  No.  81. 
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Pbbfobmancb:  No.  10. 

Total  mileage  in  6  years 

Number  of  days  in  service 

Number  of  days  idle 

Number  of  montlis  actually  in  service 

Average  number  of  miles  per  day 

Average  number  of  miles  per  month 

Average  number  of  miles  per  anniun 

Gallons  of  oil  used 

Average  number  of  miles  per  gallon 

Total  cost  of  oil 

Total  cost  of  waste 


488,900 

1,766 

400 

71 

276.84 

6,886 

81,483.33 

3,413 

143.24 

$1,391.00 

290.00 


COST  OF  REPAIRS. 
Labor:  No.  10. 


Items. 


Machinist  .  . 
Blacksmith 
Boiler-maker  . 
Coppersmith  . 
Tinsmith  .  . 
Carpenter  .  . 
Painter .    .    . 

ToUl  labor 


On  Engine. 


$3,372.46 

442.64 

1,336.57 

58.19 

30:34 

162.95 

380.76 


$5,733.91 


On  Tender. 


$60.90 
61.87 
42.08 


67.44 
64.30 


$297.19 


Materials:  No.  10. 


ITBM0. 

BnglDe. 

Items. 

• 

Tender. 

Machinery 

Tire 

Trucks 

Boiler  and  flues  .    .    . 

Lumber 

Paints 

$1,138.70 

28a00 

508.00 

1,259.40 

43.33 

100.54 

Iron 

Trucks 

Tiumber 

Paints 

Materials 

Labor,  brought  down. 

Total,  tender     .    . 

$36.32 

690.30 

20.00 

49.20 

Materials 

Labor, 'brought  down  . 

$;i,279.97 
5733.91 

$795.82 
297.19 

Total,  engine    .    . 
Repairs  of  engine,  broug 

$9,013.88 
'lit  down 

$1,093.01 
9,013.88 

Total  repairs  of  engine  and  tender  in  6  years 

Renairs  oer  annum    ..          

$10,106.89 
1,684.48 
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Performance:  No.  33. 


Total  mileage  in  6  years 

Nunibor  of  days  in  service 

Number  of  days  idle 

Number  of  months  actually  in  service 
Average  number  of  miles  per  day  .  . 
Average  number  of  miles  per  month  . 
Average  number  of  miles  per  annum  . 

(tallona  of  oil  used 

Average  number  of  miles  per  gallon    . 

Total  cost  of  oil 

Total  cost  of  waste 


523,393 

1,865 

307 

70 

280.64 

7,477 

87,232.17 

3,954 

132.37 

$1,609.00 

288.00 


/ 


MarhlnUt  , 
hliu'kiimlth 
hutloi^  maker 
(*tippor!«mltU 
TluMuith  . 
Car  I  unit  or  . 
lUUulor  .     . 

Total  laboi 


ITMMM. 


Mttohliiory  .  . 

lirlvmu  .  .  . 

Tho   .     ,  .  . 

Trurkn    .  .  . 

Hoiloi  uuil  (Uios 

l^uiuboi* .  .  . 

rututH     .  .  . 


COST  OF  REPAIRS. 
Labor:  No.  33. 


MiilorUU    .... 
liHluir,  drought  down 

TotiU,  onglne    .    . 


Materials,  No.  33. 


Engine. 


$1,310.51 

32.00 

231.00 

590.39 

1,269.91 

80.67 

143.31 


$3,657.79 
5,9aS.31 


Itsxs. 


Iron .  . 
Trucks  . 
Lumber 
Paints  . 


$9,641.10 
Ui'puirti  of  engine,  brought  down    .    .    . 

Tcjtul  repairs,  engine  and  tender,  in  6  years 
Uopairs  pi*r  annum 


Materials  .... 
Labor,  brought  down 

Total,  tender  .    . 


iTSMa. 

On  Engine. 

On  Tender. 

$3,615.73 

527.41 

1,228.72 

57.01 

47.17 

210.30 

296.97 

$101.51 
130.03 

^ 

86.47 

•.•^.       ......... 

55.66 

105.83 

ir 

$5,983.31 

$485.50 

Tender. 


$193.51 

878.00 

44.40 

59.00 


$1,174.91 
485.60 


$1,660.41 
9,641.10 


$11,301.51 

1,88:^.58 
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Performance:  No.  34. 


Total  mileage  in  6  years     .... 
Number  of  days  in  service     .    . '  . 

Number  of  days  idle , 

Number  of  months  in  actual  service 
Average  number  of  miles  per  day  . 
Average  number  of  miles  per  month  , 
Average  number  of  miles  per  annum 

Gallons  of  oil  used , 

Average  number  of  miles  per  gallon 

Total  cost  of  oil 

Total  cost  of  waste 


468,173 

1,700 

402 

69 

276.40 

6,785 

78,028.83 

3,634 

128.83 

$1,475.00 

282.00 


COST  OF  REPAIRS. 
Labor:  No.  34. 


Items. 


On  Engine. 


On  Tender. 


Machinist  . 
Blacksmith 
Boiler-maker 
Coppersmith 
Tinsmith    . 
Carpenter  . 
Painter  .    . 


$3,855.05 

480.61 

1,216.43 

82.73 

34.83 

193.60 

336.32 


$6,199.57 


$68.35 
61.52 
83.42. 


86.04 
112.54 


$411.87 


Materials:  No.  34. 


Items. 


Macliinery  .  . 
Drivers  .  .  . 
Tu^  .... 
Trucks  .  .  . 
Boiler  and  flues 
Lumber  .  .  . 
Paints     .    .    . 


Engine. 


$1,659.58 

67.00 

231.00 

447.50 

1,018.00 

56.89 

163.78 


$3,643.75 
6,199.57 


$9,843.32 


Items. 


Iron.  . 
Trucks . 
Lumber 
Paints  . 


Materials 

Labor,  brought  down  . 

Total,  engine   .    .    . 
Repairs  of  engines,  brought  down  .     .     . 

Total  repair,  engine  and  tender,  in  6  years 
Repairs  per  annum 


Materials 

Labor,  brought  down . 

Total,  tender  .     .    . 


Tender. 


$77.48 

631.25 

40.00 

66.80 


$815.53 
411.87 


$1,227.40 
9,843.32 


$11,070.72 
1,845.12 
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MEAN  OF  ALL. 

Performance:  No.  10,  Xo.  3:?,  and  No.  Z4. 


Mean  mileage  in  6  years    .... 
Number  of  days  in  service     .    .    . 

Nmnber  of  days  idle 

Mean  nmnber  of  months  in  service 
Mean  number  of  miles  per  day  .  . 
Mean  number  of  miles  per  month  . 
Mean  number  of  miles  per  annum  . 
Mean  number  of  gallons  of  oil  used 
Mean  number  of  miles  per  gallon  . 

Mean  total  cost  of  oil 

Mean  total  cost  of  waste   .... 


41)3,489 
1,777 
399.67 
70 

277.03 
7,049 
82,248.11 
3,667 

134.81 

$1,491.67 

286.67 


i 


MEAN  COST  OF  REPAIRS. 
Labor:  No.  10,  No.  aS,  and  No.  34. 


Itsxb. 


Machinist   . 
Blacksmith 
Boiler-maker 
Coppersmith 
Tinsmith    . 
Carpenter  . 
Painter  .     . 


Oo  Engine. 

On  Tender. 

$3,614.41 

$76.92 

483.55 

86.47 

1,260.57 

70.86 

65.98 

- 

37.45 

— 

188.95 

69.71 

321.35 

94.22 

$5,972.26 

$398.18 

MEAN  COST  OF  MATERIALS. 
No.  10,  No.  33,  and  No.  34. 


iTBMe. 


Machinery  .  . 
Drivers  .  .  . 
Tire  .... 
Trucks  .  .  . 
Boiler  and  flues 
Lumber .  .  . 
Paints    .     .     . 


Materials    .... 
Labor,  brought  down 

Total,  engine  .    . 


$1,369.60 

33.00 

230.67 

515.30 

1,182.44 

60.30 

135.88 


$3,527.19 
5,il72.26 


ITBM8. 


Tender. 


Iron 
Trucks . 
Lumber 
Paints  . 


$9,499.45 
Repairs  of  engine,  brought  down 

Mean  total  repairs,  engine  and  tender,  in  six  years 
Mean  cost  of  repairs,  per  annum 


Materials 

liabor,  brought  down . 

Total,  tender .     .     . 


$102.44 

733.18 

34.80 

58.33 


$928.75 
396.18 


$1,326.93 
9,499.45 


$10,826.38 
1,804.39 
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Mean  Cost  pbb  Tbain-Milb  of  Labor  and  Materials  on  Engine 
AND  Tender,  ON  No.  10,  No.  33,  and  No.  34,  during  Six  Years, 
IN  Cents  and  Fractions  of  a  Cent. 


Machinists  .... 
Blacksmiths  .  .  . 
Boiler-maker  .  .  . 
Copper  and  tinsmith 
Carpenter  .... 
Painter 

Total,  labor  .    . 
Materials    .    .     .    . 

Total,  repairs    . 

Oil 

Waste 

Total,  cents  .    . 


No.  10. 


.70 
.11 
.28 
.02 
.05 
.08 


1.24 
.84 


2.08 
.28 
.06 


2.42 


No.  33. 


.72 
.13 
.25 
.02 
.05 
.08 


2.53 


No.  84. 


.84 
.12 
.30 
.02 
.06 
.09 


1.25 

1.43 

.93 

.95 

2.18 

2.38 

.30 

.32 

.05 

.06 

2.76 


Mean. 


.75 

.12 
.28 
.02 
.06 
.08 


1.30 
.90 


2.20 
.30 
.06 


2.56 


These  engines  were  new  at  the  beginning  of  the  period  covered 
by  the  record  here  reproduced,  and  the  cost  of  repairs  must  increase 
with  increasing  age.  Indeed,  compared  with  a  like  statement  for 
the  first  five  years,  the  mean  annual  mileage  is  1.2  per  cent  less,  and 
the  cost  of  repairs  is  23  per  cent  greater,  while  oil  and  waste  are 
almost  exactly  the  same  per  train  mile,  both  in  quantity  and  in  value. 

Some  information  which  was  hoped  for,  to  afiford  a  broader  basis 
for  estimates  of  the  performance  of  American  locomotives,  their 
durability,  and  the  cost  of  repairs  upon  them,  cannot  now  be  ob- 
tained in  season  for  this  occasion.  The  examples  presented  are,  it 
is  admitted,  selected  examples,  and  must  be  above  the  mean,  taking 
age  into  consideration,  if  nothing  more ;  but  so  much  has  been  done, 
and,  accident  and  misfortune  apart,  can  be  done  generally  with 
engines  of  like  age. 

With  compound  locomotives,  little  has  been  done  in  this  country. 
A  few  have  been  constructed,  but  without  any  very  marked  success, 
so  far  as  the  writer  has  been  able  to  learn.  Jt  is  certainly  very 
desirable  to  reduce  the  consumption  of  fuel  in  our  locomotives ;  but 
if  compounding  involves  of  necessity  the  use  of  a  cranked-axle,  as 
in  some  examples,  it  can  never  be  adopted  in  America,  since  the  well- 
known  evils  of  that  feature  must  far  outweigh  all  possible  gain  from 
compound   cylinders.     The  locomotive  engine  is  without  doubt  the 
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most  important  application  of  the  non-condensing  engine  of  Oliver 
Evans  and  the  multi-tubular  boiler  of  Nathan  Read,  and  its  develop- 
ment demonstrates  that  it  has  not  been  neglected  in  the  land  of  its 
nativity. 

With  a  few  words  about  prices  now  current,  this  too  protracted 
paper  wOl  be  brought  to  a  close.  The  weight  of  our  ordinary  Amer- 
ican locomotive,  with  cylinder  17  inches  diameter,  and  24  inches 
stroke,  four  driving-wheels  connected,  5  feet  diameter,  is  about  as 
follows :  — 


Loaded  :  2  (f  auoes 
or  Watkb. 

Light. 

Ton*. 
22.901 
12.589 

FduixIb. 
51,500 
28,200 

On  drivers 

On  truck 

PonndB. 
46,000 
24,000 

Tons. 
20.536 
10.714 

Total,  engine 

Tender,  3,000  gallons  capacity      . 

Engine  and  tender 

35.580 
25.446 

79,700 
57,000 

70,000 
24,000 

31.250 
10.714 

01.026 

136,700 

94,000 

41.964 

Prtce,  with  steel  boiler,  head-light  included,  $6,500,  or,  say 
£1,348  ;  per  ton,  $154.89,  equal  to  £32 ;  per  [xxind,  6.91  cents,  equal 
to  3.43  pence. 

Engines  of  various  sizes  and  styles  may  be  bought  about  at 
prices  subjoined,  which,  it  must  he  said,  arc  about  the  actual  cost. 


Cylinders. 

• 

LengUi 

Diomoicr. 

of 

Stroke. 

10 

24 

15 

24 

16 

24 

17 

24 

18 

24 

20 

24 

8TTLE9. 


Pricks. 


Dollan. 


Pounds 
Sterling. 


4-wheeled  switching    . 

8-wheeled 

^-wheeled 

8-wheeled 

"  Mogul,"  freight  .    . 
Consolidation,  freight 


5,500 
5,500 
6,000 
6,500 
7,300 
0,000 


1,136 
1,136 
1,240 
1,34:^ 

1,508 
1,860 


The  "Mogul"  engine  has  six  driving-wheels  connocted,  with  a 
single  pair  of  pilot-wheels,  swinging  bolster,  and  radius  luir.     The 
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"  Consolidation  "  engine  has  eight  driving-wheels  connected,  with  a 
single  pair  of  pilot-wheels,  swinging  bolster,  and  radius  bar.  In 
both,  a  part  of  the  weight  otherwise  earned  by  the  pilot-wheels  is 
transferred  to  the  driving-wheels  by  equalizing  levers. 

The  prices  above  given  are  certainly  too  low,  as  they  afford  no 
satisfactory  profit  to  the  manufacturer. 
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THE  CRYSTALLINE  BOCKS  OF  THE  NORTHWEST. 


I  DESIRE  to  call  the  attention  of  Section  E  to  some  of  the  in- 
teresting problems  that  beset  the  geologist  who  undertakes  to  study 
the  crystalline  rocks  of  the  Northwest,  and  especially  that  part 
of  the  Northwest  which  is  included  in  the  state  of  Minnesota. 
Until  very  recently  it  has  been  the  practice  of  geologists,  almost 
without  exception,  to  refer  every  crystalline  rock  in  the  North- 
west either  to  the  Huronian  or  to  the  Laurentian.  Thus,  when 
the  survey  of  the  state  of  Michigan  was  reinaugurated  in  1869,  the 
geologists  of  the  upper  peninsula  were  compelled  to  choose  be- 
tween a  confession  of  their  inability  to  establish  the  age  of  the 
rocks  they  were  studying  and  the  adoption  of  some  of  the  recog- 
nized designations.  In  Wisconsin  the  case  was  similar,  with  the 
additional  fact  that  the  Michigan  geologists  were  collaborators. 
The  same  was  true  again  in  Minnesota.  What  more  natural  than 
that  the  Michigan  and  Wisconsin  rocks  should  be  found  to  extend, 
with  nearly  the  same  features,  into  the  State  of  Minnesota,  and 
that  their  familiar  names  should  at  once  be  applied  to  them  ? 

But  when  on  more  careful  examination,  both  in  the  field  and  in 
the  literature  of  the  crystalline  rocks,  and  over  a  wider  extent  of 
territory,  and  especially  in  the  light  of  more  recent  researches  in 
Kew  England,  New  York,  Pennsylvania  and  Canada,  it  is  found 
that  the  nomenclature  is  imperfect,  and  furnishes  but  a  tottering 
scaffold  to  support  the  workmen  of  a  great  and  ever-spreading 
structure,  we  are  thrown  into  such  difficulty  and  doubt  that  we  are 
prone  either  to  reject  the  old  scaffold  and  build  anew,  or  to  clear 
away  the  accumulated  rubbish  about  the  foundation  and  examine 
on  what  basis  the  old  one  stands.  To-day,  however,  we  intend  to 
do  neither  of  these,  but  rather  set  forth  a  few  of  the  incongruities 
aud  difficulties  of  the  actual  situation. 

(363) 
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We  are  indebted,  unquestionably,  to  the  geologists  of  Michigan 
and  Wisconsin  for  the  most  exhaustiye  and  satisfactory  descrip- 
tion of  the  crystalline  rocks  of  the  Archaean  age  that  has  yet  been 
published  in  America.  In  order  that  some  of  the  difficulties  of  the 
situation  may  be  made  clear,  1  desire  to  review  concisely  the  broad 
stratigi*aphic  distinctions  of  the  crystalline  rocks  that  have  lately 
been  studied  in  Michigan,  Wisconsin  and  Minnesota.  By  the  aid 
of  the  published  resultsT  of  the  surveys  of  Brooks,  Wright,  Irving, 
Bominger,  Pumpelly  and  others,  a  generalized  statement  can  be 
formulated.  To  these  I  shall  add  such  published  results  and  un- 
published field  observations  from  Minnesota  as  may  be  furnished 
by  the  survey  of  that  state,  in  order  that  the  scheme  may  cover 
correctly  the  crystalline  rocks  of  the  entire  Northwest. 

Omitting  the  igneous  rocks,  which  in  the  form  of  dikes  cut 
through  the  shales  and  sandstones  of  the  Cupriferous  formation 
and  are  interbedded  with  them  in  the  form  of  overflows,  we  may 
concisely  arrange  the  crystalline  rocks,  disregarding  minor  differ- 
ences and  collating  only  the  broad  stratigraphic  distinctions,  in 
Ihe  following  manner  in  descending  order : 

There  are  six  groups : 

First  Group. 

Oranite  and  gneiss  with  gabhro. — This  group  is  represented  in 
Minnesota  by  the  gabbro  and  red  syenite  at  Duluth,  and  by  the 
extension  of  this  range  of  hills  northeastwardly  nearly  to  the  in- 
ternational boundary.  Its  thickness  is  unknown,  but  certainly 
reaches  several  hundred  feet.  The  outcrop  of  red  granite  near 
New  Ulm,  lying  under  the  conglomerate  and  red  quartzite,  is 
probably  in  the  southwestward  line  of  extension  of  this  group. 
This  group  is  represented  by  No.  xx  southwest  of  lake  Michi- 
gamme,  by  No.  xx  at  Menominee  and  by  No.  1  and  la  at  Black 
river. 

Second  Group. 

Mica  schist, — This  group  consists  of  schists  that  are  micaceous 
and  often  staurolitic  as  well  as  garnetiferous.  It  can  be  seen  in 
Minnesota  on  the  Mississippi  river  at  Little  Falls,  and  at  Pike 
rapids.  The  schists  are  variously  associated  with  beds  and  veins 
of  granite  and  gneiss.     This  is  No.  xix  at  Marquette,  xvii  to  xix 
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at  Menominee,  xx  to  xxii  at  Penokee,  and  has  a  maximam  thick- 
ness of  5000  feet. 

Third  Group. 

Carbonaceous  and  arenaceous  black  slates^  and  black  mica  schists, 
— These  sometimes  pass  into  roofing  slates,  with  beds  of  iron 
ore,  quartzite  and  diorite.  This  group  includes  the  black  slates 
of  the  Animikie  group  in  northern  Minnesota,  of  Knife  lake,  and 
Knife  portage  on  the  St.  Louis  river,  and  carbonaceous  slates 
lately  reported  near  Aitkin  on  t>he  Mississippi  river.  It  includes 
Nos.  XIV  to  XVII  at  Marquette,  Nos.  vi  to  xvii  at  Penokee,  and 
Nos.  XV  and  xvi  at  Menominee.     Thickness  2600  feet. 

Fourth  Group. 

Hydro-mica  and  magnesian  schists. — Soft  and  obscure,  becom- 
ing quartzose  and  also  hsematitic,  also  with  numerous  beds  of  dio- 
rite. In  Minnesota  this  is  the  iron-bearing  horizon  at  Vermilion 
lake.  It  is  Nos.  vi  to  xiv  at  Marquette,  Nos.  iv  to  vi  at  Penokee, 
and  Nos.  vi  to  xi  at  Menominee.    Maximum  thickness  4450  feet. 

Fifth  Group. 

This  is  the  group  of  gray  quartzite  and  marble.  It  is  represented 
by  No.  V  at  Marquette,  Nos.  ii  to  v  at  Menominee  and  Nos.  i  to 
III  at  Penokee.  In  Minnesota  this  horizon  seems  to  run  along 
the  south  side  of  Ogishke  Muncie  lake,  near  the  international 
boundary,  and  perhaps  includes  the  great  slate-conglomerate  which 
is  there  represented.  Normal  thickness  from  400  to  1000  feet ; 
but  if  the  great  conglomerate  of  Ogishke  Muncie  be  included  here, 
the  thickness  of  this  group  in  northern  Minnesota  will  exceed 
^000  feet. 

Sixth  Group. 

Granite  and  syenite  with  hornblendic  schists. — This  lowest  recog- 
nized horizon  has  frequently  been  styled  Laurentian.  In  Minne- 
sota it  is  found  on  the  international  boundary  at  Saganaga  lake, 
and  large  boulders  from  it  are  included  in  the  overlying  conglom- 
erate at  Ogishke  Muncie  lake,  showing  an  important  break  in  the 
stratigraphy.     Thickness  unknown  but  very  great. 
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These  six  great  groups  compose,  so  far  as  can  be  stated  now, 
the  crystalline  rocks  of  the  Northwest.  Their  geographic  rela- 
tions to  the  non-crystalline  rocks,  if  not  their  stratigraphic,  have 
been  so  well  ascertained,  that  it  can  be  stated  confidently  that 
they  are  all  older  than  the  Cupriferous  series  of  lake  Superior, 
and  hence  do  not  consist  of  nor  include  metamorphosed  sediments 
of  Silurian  or  any  later  age.^ 

This  statement  of  the  grand  grouping  of  the  crystalline  terranes 
of  the  Northwest  may  be  varied  by  the  addition  of  detailed  and 
minor  distinctions  and  by  subdivisions,  but  its  correctness  rests 
upon  careful  observations  and  reports  of  competent  geologists,  and 
cannot  at  present  be  gainsaid. 

Examining  these  groups  more  closely  we  find : 

I.  We  have,  beneath  the  red  tilted  shales  and  sandstones,  a 
great  granite  and  gabbro  group.  This  has  been  variously  regai'ded 
by  different  geologists.  While  by  many  early  observers  it  was 
classed  as  older  than  the  series  which  has  latterly  been  designated 
Huronian,  and  by  others  styled  igneous  and  local,  it  has,  by 
Brooks,  been  placed  with  that  series  and  denominated  ^Hhe  young- 
est" of  the  Huronian  strata,  though  no  such  rocks  had  ever  before 
been  mentioned  as  pertaining  to  the  Huronian.  By  Irving  it  has 
been  made  the  base  of  his  Eewenawan.  By  Hunt  it  has  been  paral- 
lelized with  the  Montalban.  It  includes,-  in  my  opinion,  the  fel- 
sites  and  porphynes  which  have  been  styled  Arvonian,  and  it  is 
very  ceitain  that  in  many  places  it  has  passed  for  typical  Lauren<> 
tian.  The  gabbro  is  very  generally  admitted  to  be  of  eruptive 
origin,  and  in  its  great  development  in  Canada  it  was  once  styled 
Upper  Laurentian,  and  later  was  known  as  Norian.  While  the 
gabbro  is  certainly  eruptive,  the  associated  granite  and  gneiss 
exhibit  evidences  of  being  metamorphic  in  their  nature.  In 
noi'thern  Minnesota  this  horizon  of  granite  is  characterized  by  a 
i*ed  color  and  it  has  an  aggregate  chemical  composition  almost 
identical  with  that  of  some  of  the  associated  felsites.  The  mag- 
netite of  the  gabbro  is  often  highly  titaniferous  and  so  abundant 
that  the  rock  has  attracted  attention  as  an  iron  ore.  The  gabbro 
does  not  always  appear  where  the  granite  is  present,  but  extensive 
areas  of  granite  are  spread  out  without  any  sign  of  variation,  in- 
terruption or  alternation  witli  the  gabbro.     In  other  places  these 

1  The  term  Siliirinn  here  is  nnderntood  to  cover  nothing  below  the  base  of  the  Trenton. 
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two  rocks  are  intricately  and  intimately  mingled  both  horizontally 
and  perpendicularly ;  but  the  gabbro  may  be  con8idei*ed  in  general 
as  the  underlying  formation.  Both  these  rocks  seem  to  have 
been  molten,  and  simultaneously  so,  in  some  places ;  but  in  the 
great  mass  of  the  red,  granitic  rock,  there  is  a  gneissic  structure, 
and  in  its  finely  crystalline  state,  when  it  seems  to  vary  to  felsite, 
it  exhibits  a  laminated  structure  which  is  evidently  due  originally 
to  sedimentation.  Along  these  laminations,  and  coincident  with 
them,  is  a  finely  lined  striation  which  exhibits  the  ^^streamed" 
structure,  sometimes  appealed  to,  to  show  the  igneous  nature  and 
origin  of  the  rock.  These  felsites  are  occasionally  arenaceous, 
with  irregularly  rounded  or  sub-angular  quartz  grains,  and  some- 
times are  porphyritic  with  quartz  and  orthoclase.  Veins  of  red 
granite  intersect  the  gabbro,  and  the  gabbro  suiTOunds  isolated 
masses  of  the  granite.  Transported,  boulder-like  masses  of  both 
are  found  embraced  in  a  common  paste  among  the  later  igneous 
outflows  of  the  Cupriferous,  where  their  existence  is  as  great  a 
puzzle  as  that  of  pebbles  of  red  felsite  and  quartz-porphyry  in  the 
red  conglomerates.  This  red  granite,  so  far  as  I  have  observed, 
generally  consists  largely  of  orthoclase,  and  in  several  instances 
passes  imperceptibly  into  red  felsite.  It  contains  also  quartz  and 
hornblende,  the  latter  generally  changed  by  decay.  The  gabbro, 
when  unaffected  by  proximity  to  the  red  rock,  consists  of  the 
three  essential  ingredients :  labradorite,  diallage  and  magnetite, 
with  some  necessary  products  of  alteration,  but  in  the  vicinity  of 
contact  with  the  red  rock  it  also  holds  orthoclase  and  quartz. 

II.  Below  this  granite  and  gabbro  group  is  a  series  of  strata 
that  may  be  designated  by  the  general  term  mica  schist  group. 
This  is  the  principal,  but  not  the  only,  horizon  in  which  mica 
schist  exists.  This  division  is  penetrated  by  veins  and  masses  of 
red  biotite-granite  which  appear  to  be  intrusive  in  somewhat  the 
same  manner  as  the  red  granite  in  the  gabbro  overlying.  How- 
ever, whether  this  granite  is  exotic,  or  can  be  referred  to  aqueo- 
igneous  fusion  and  transmission  of  the  sedimentaries  in  a  plastic 
state  through  fissures  in  the  adjacent  formations,  is  a  question 
which  still  is  a  matter  of  earnest  investigation.  The  existence  of  the 
great  associated  igneous  gabbro  is  suggestive,  if  not  demonstrative, 
of  the  presence  of  an  adequate  agent  for  such  a  metamorphism — 
unless  it  be  claimed,  indeed,  that  such  an  extravasation  of  molten 
rock  could  take  place  without  any  marked  and  traceable  effect  on 
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the  contiguous  formations.  These  granite  veins  penetrate  only 
through  the  overlying  gabbro  and  this  underlying  mica  schist. 
They  are  wanting  or  comparatively  rare  throughout  the  rest  of 
the  crystalline  rocks.  On  the  other  hand  there  is  an  abundance 
of  diabase  and  other  doleritic  rock,  in  the  form  of  dykes,  through- 
out all  the  crystalline  strata.  This  points  to  the  mere  local  nature 
of  the  origination  of  these  granitic  veins,  and  hence  to  the  meta- 
morphic  nature  of  the  granitic  mass  with  which  they  are  con- 
nected. It  has  been  shown  by  Dana  that  granite  suffers  a  change 
to  mica  schist  in  western  Massachusetts ;  Brooks  as  well  as  Em- 
mons has  shown  it  interstratified  with  limestone  in  St.  Lawrence 
county,  New  York.  They  both  also  state  that  the  Potsdam  sand- 
stone becomes  gneissic.  The  same  has  been  affirmed  in  Ver- 
mont by  Dr.  Hitchcock,  and  by  Dr.  Frazer  in  Pennsylvania. 
Hence  there  is  no  impropriety  in  supposing  that  some  great 
change  has  passed  over  the  sedimentary  strata  of  this  horizon 
throughout  a  wide  extent  of  country  reaching  from  the  Atlantic 
to  lake  Superior,  and  that  in  the  emergences  of  upheaval  and 
dislocation  the  sediments  of  one  formation  were  enabled  to  pene- 
trate transversely  into  the  strata  of  another. 

This  mica  schist  formation  has  an  aggregate  thickness  of  about 
5000  feet,  and  sometimes  is  hornblendic  rather  than  micaceous. 

III.  The  next  lower  grand  division,  which  is  the  third,  might 
be  styled  the  black  mica  slate  group.  This  group  contains  much 
carbon,  causing  it  to  take  the  form  of  graphitic  schists,  in  which 
the  carbon  sometimes  amounts  to  over  forty  per  cent.*  These 
schists  are  frequently  quartzose,  and  also  ferruginous,  even  com- 
posing valuable  ore-deposits,  as  at  the  Commonwealth  mine  in 
Wisconsin.  Associated  with  these  black  mica  slates,  which  often 
appear  also  as  dark  clay-slates,  are  actiuolitic  schists,  the  whole 
being,  in  some  places,  interstratified  with  diorite.  Their  estimated 
thickness  is  2600  feet. 

IV.  Underneath  this  is  a  very  thick  series  of  obscure,  ht^romi- 
caceous  and  greenish  magnesian  schists^  in  which,  along  with  beds 
of  gray  quartzite,  and  clay  slates,  occur  the  most  important  de- 
posits of  haematitic  iron  ore.  The  lower  portion  of  this  series, 
which  lit  Marquette  is  represented  rather  by  hornblende  and  chlo- 
ritic  quartz-schists,  and  more  rarely  is  mined  as  a  magnetic  quartz- 

3  A  recent  analysis  of  a  specimen  from  near  Aitkin,  Minnesota,  showed  between 
foity-t^vo  and  forty-three  per  cent  of  carbon. 
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schist,  at  Penokee  is  known  as  'Hhe  magnetic  belt."    Tliis  divis- 
ion of  the  crystalline  rocks  has  numerous  heavy  beds  of  diorite. 

V.  Below  this  series  of  soft  schists,  which  terminate  downward 
with  the  magnetic  iron  ores,  is  the  great  quartzite  and  marble 
group.  The  marble  lies  above  the  quartzite,  and  in  the  Menomi- 
nee  region  has  a  minimum  thickness  of  at  least  one  thousand  feet ; 
while  at  Marquette  it  graduates  into  a  dolomitic  quartzite  of  in- 
definite extent,  the  whole  group  there  being  essentially  a  quartz- 
ite. This  is  a  most  persistent  and  well-marked  horizon.  The 
quartzite  sometimes  holds  feldspar,  thus  having  an  appearance  of 
granulite.  In  northern  Minnesota,  the  great  slate-conglomerate 
of  Ogishke  Muncie  lake  seems  to  represent  the  lower  portion  of 
the  great  quartzite  of  this  group,  and  to  be  the  equivalent  of  the 
lower  slate-conglomerate  of  the  "typical  Huronian"  In  Canada. 
In  both  places  this  conglomerate  is  sometimes  speckled  with 
masses  of  red  jasper.  The  marble  of  this  group  appears  adjacent 
to  the  conglomerate  south  of  Ogishke  Muncie  lake,  and  in  such 
a  position  as  to  overlie  it,  exposing  a  thickness  of  at  least  twenty- 
two  feet. 

Now,  the  difficulties  of  the  situation  arise  when  we  cast  about 
to  find  names  for  these  parts.  What  are  the  eastern  representa- 
tives of  these  western  groups,  and  by  what  designations  shall 
they  be  known  ? 

Since  the  geological  survey  of  New  York,  and  the  publication 
of  its  final  report,  the  progress  of  geological  science  in  Europe 
and  America  has  rendered  it  necessary  to  revise  some  of  the  dog- 
mas which  were  regarded  as  fundamental  by  the  New  York  geol- 
ogists, and  to  reject  entirely  some  others.  Among  these  may  be 
mentioned  the  then  current  theory  that  the  term  "primary"  should 
be  applied  to  any  massively  crystalline  rock,  and  that  all  such 
rocks  belong  to  the  bottom  of  the  chronological  scale  of  geology. 
If  the  apparent  structural  relations  of  the  formations,  as  seen 
in  the  field,  did  not  agree  with  this  theory,  some  violent 
movement  in  the  earth's  crust  was  at  once  conjectured  so  as 
to  bring  nature  into  accordance  with  the  true  theory.  Latterly, 
however,  it  has  been  shown  abundantly  by  Dana  and  others,  that 
the  Trenton,  Hudson  River  and  other  Silurian  rocks  are  converted 
into  crystalline  schists ;  by  Whitney  that  the  Tertiary  rocks  be- 
come crystalline ;  by  Brooks  and  Frazer  that  the  Potsdam  sand- 
stone becomes  gneissic ;  by  Reusch  that  the  clay  slates,  interbedded 
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with  the  granites  and  gneisses  of  the  Bergen  peninsula  of  Nor- 
way,^ contain  characteristic  Upper  Silurian  fossils,  and  by  Hitch- 
cock that  the  Helderberg  rocks  of  New  York  are  involved  in  the 
crystalline  terranes  of  New  Hampshire. 

These  more  recent  crystalline  series,  however,  may  all  be  con- 
sidered as  excluded  from  the  scope  of  search  for  any  parallels  to 
the  crystalline  groups  of  the  Northwest.  Our  inquiry  will  in- 
volve only  the  well-known  names  Lauren tian,  Huronian,  Taconic, 
Montalban,  Arvonian,  Norian. 

We  meet  at  the  outset  with  the  question  which  has  now  become 
as  historic  in  American  geology  as  the  Cambro-Silurian  contro- 
versy in  England,  and  which  concerns  very  nearly  the  same  geo- 
logical horizon,  viz. :  Is  there  a  formation  such  as  claimed  by  Em- 
mons— the  Taconic?  On  this  geologists  are  yet  divided.  We 
conceive,  however,  that  the  division  is  caused,  not  so  much  by 
doubt  as  to  the  existence  of  a  sedimentary  fossiliferous  formation 
below  the  New  York  system,  and  separating  it  from  the  "primary," 
as  by  doubt  as  to  which  and  how  many  of  these  sub-Silurian  strata 
are  to  be  included  in  the  designation  of  Taconic.  Having  now 
however,  given  the  subject  very  careful  consideration,  I  am  ready 
to  state  my  very  positive  conviction  that  Dr.  Emmons  was  essen- 
tially right,  and  that  the  Taconic  group  will  have  to  be  recognized 
by  geologists  and  adopted  in  the  literature  of  American  geology. 

Dr.  Emmons,  in  1842,  issued  the  first  that  appeared  of  the  vol- 
umes of  tiie  final  report  of  the  New  York  survey.  In  that  volume 
he  formally  sets  forth  the  Taconic  system,  although,  as  he  admits, 
in  an  imperfect  manner,  the  area  in  which  the  rocks  exist  not  be- 
ing in  his  (the  second)  district.  In  this  first  presentation  of  the 
system  he  extended  it  geographically  too  far  east,  and  unfortu- 
nately chose  a  name  for  it  which  is  appropriate  only  to  a  part  of 
that  eastward  extension.  We  are  indebted  to  the  researches  of 
several  volunteer  geologists,  Wing,  Dana,  Dale,  Dwight,  for  the 
disentanglement  of  the  overlying  Hudson  River  rocks  from  the 
true  Taconic  rocks,  and  the  demonstration  of  the  incorrectness  of 
Dr.  Emmons'  eastward  extension  of  his  system  in  southern  Ver- 
mont. Dr.  Emmons'  claim,  however,  in  all  its  essential  points, 
remains  intact.  This  consists  in  the  existence  of  a  series  of  sedi- 
mentary deposits,  largely,  metamorphic,  below  the  Potsdam  sand- 
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stone,   and   separating  the  Potsdam  from  the  crystalline  rocks 
known  as  "primary,"  in  an  orderly  chronological  scheme. 

In  his  report  on  the  agriculture  of  New  York,  issued  four  years 
after  that  on  the  geology  of  the  second  district,  he  makes  more 
definite  and  convincing  statements,  going  over  the  whole  subject 
de  novo.  He  gives  diagrams  showing  the  Taconic  slates  h'ing 
below  the  Calciferous  sandrock  u  neon  form  ably,  at  Whitehall  in 
Washington  county,  a  region  that  had  been  colored  by  Mather 
and  Hall  on  their  geological  maps  as  Hudson  River,  and  lying  in 
the  general  area  described  by  Emmons  as  Taconic.  He  gives  one 
also  from  the  hills  of  Greenbush,  opposite  Albany,  not  far  from 
the  locality  in  which  Mr.  Ford  has  since  discovered  primordial 
fossils,  where  he  also  shows  the  Calciferous  lying  unconformably 
upon  the  Taconic,  the  former  being  fossiliferous.  He  also  describes 
the  Hudson  River  slates  as  lying  unconformably  on  the  Taconic, 
a  fact  which  cannot  be  called  in  question  since  the  recent  discov- 
eries of  Wing,  Dale,  and  Dwight,  and  the  stratigraphic  investiga- 
tions of  Dana.  In  fact,  the  investigations  of  these  geologists, 
instead  of  destroying  the  Taconic  system,  are  only  confirmatory 
of  the  published  statements  of  Dr.  Emmons  in  1846. 

Although  the  existence  of  the  Taconic  in  Maine  and  Rhode 
Island,  as  claimed  by  Dr.  Emmons,  may  not  be  maintained  by 
further  research,  it  is  certain  that  he  had  the  approval  of  Dr. 
Douglas  Houghton  in  extending  it  into  the  state  of  Michigan. 
In  later  years,  he  also  traced  these  rocks  through  Pennsylvania 
and  Virginia  into  North  Carolina.  In  Michigan  his  identifica- 
tions have  since  been  set  aside  and  the  same  rocks  have  been  de- 
nominated Huronian  by  Brooks,  Wright,  Irving  and  others.  In 
North  Carolina  Mr.  Kerr  has,  in  the  same  way,  substituted  the 
name  Huronian.  The  conclusive  fact  that  these  slates  had  been 
seen,  by  Dr.  Houghton,  in  many  localities,  to  pass  beneath  the 
Potsdam  sandstone,  was  considered  ample  to  supply  the  only  im- 
portant point  of  evidence  lacking  in  the  Hudson  valley.  Dr. 
Emmons  closes  his  discussion  by  stating  his  theme  thus,  referring 
to  the  facts  obtained  from  Dr.  Houghton:  "It  would  be  difficult 
to  add  to  the  weight  of  this  testimony  in  regard  to  the  separate 
and  independent  existence  of  a  system  of  fossiliferous  rocks,  of 
an  age  anterior  to  the  Silurian  or  New  York  system." 

It  is  not  necessary  to  refer  to  the  controversies  that  arose 
from  the  creation  of  the  imaginary  Quebec  group,  nor  to  char- 
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acterize  in  deserved  terms  the  attempt  to  bury  the  Taconic  in  the 
Quebec  coffin.  It  is  not  necessary  to  quote  the  support  which 
Emmons  had  from  Barrande,  nor  to  recount  the  discoveries  of 
Mr.  Ford  nor  the  observations  of  Brooks  in  St.  Lawrence  county, 
N.  T.,  and  Rogers  in  Pennsylvania,  though  these  last  both  affirm 
that  beneath  the  Potsdam  sandstone  are  extensive  beds  of  semi- 
crystalline  strata.^ 

There  may  be  reasons  why  the  current  literature  of  American 
geology  is  almost  silent  respecting  the  great  work  of  Emmons, 
and  why  the  Taconic  is  not  known  among  the  recognized  geolog- 
ical  formations;  but  we  have  nothing  to  do  with  these  at  this 
time.  We  have  to  say  now  only  that  it  seems  necessary  to  admit 
that  when  Dr.  Emmons  insisted  on  a  great  group  of  strata  be- 
longing to  the  age  of  the  Lower  Cambrian,  lying  below  the  Pots- 
dam sandrock  in  New  York,  he  had  some  foundation  more  sub- 
stantial than  imagination  or  mere  hypothesis.  He  may  have 
chosen  an  unfortunate  designation,  he  may  have  but  imper- 
fectly understood  the  extent  and  importance  of  his  discovery,  and 
he  may  have  incorrectly  described  its  range  and  scope,  but  none 
of  these  faults,  nor  all  of  them,  should  deprive  him  of  the  credit, 
of  having  made  the  discovery.  He  did  more,  he  defended  it  to 
the  last  day  of  his  life,  and  averred  that  **the  Taconic  system 
stands  out  as  boldly  as  the  Carboniferous."^  The  argument 
against  the  Taconic  system,  which  appeals  to  imperfect  or  incor- 
rect definition  by  its  author,  will  apply  with  equal  force  against 
the  Silurian  system  and  also  against  the  Cambrian ;  also  against 
the  Huronian  and  the  Laurentian,  and  perhaps  with  still  greater 
force  against  the  Hudson  River,  since  none  of  these  were  correctly 
and  properly  defined  at  first  by  their  authors. 

If  the  equities  of  geological  nomenclature,  in  the  light  of  the 
results  of  later  researches,  demand  of  geologists  of  this  genera- 
tion a  fair  consideration  of  the  claims  of  Dr.  Emmons,  that  con- 
sideration must  be  granted.  No  amount  of  error,  though  heaped 
to  the  sky  and  supported  by  the  highest  authority,  can  long  sub- 
sist. The  truth,  though  tardy  in  asserting  itself,  will  finally  throw 
off  the  burdens  under  which  It  labors,  and  will  shine  tlie  brighter 
for  the  darkness  which  preceded  it. 

If  we  examine  the  descriptions,  given  by  Dr.  Emmons,  of  his 

*  Address  of  H.  D.  Rogers,  18U,  before  the  Assoc.  Amer.  Qeol.  and  Mat. 
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Taconic  system,  we  shall  find  that  he  makes  the  following  broad 
Btrattgraphic  distinctions. 

I.  His  highest  member  is  what  he  designates  black  slate ^  which 
he  declares,  in  some  cases,  plunges  apparently  beneath  the  '^an- 
cient gneisses"  and  contains  a  considerable  amount  of  carbon- 
aceous matter.  In  this  slate,  at  Bald  mountain,  were  found  two 
genera  of  primordial  trilobites  that  were  described  by  Dr.  Em- 
mons :  the  much  buffeted  At(^8  trilinecUusfi  and  Elliptocephala  a«a- 
pJioides. 

II.  Under  the  black  slate  his  next  grand  distinction  was  the 
so-called  Taconic  slate^  which  he  described  as  argillaceous,  sil* 
iceous  and  ^^talcose,"  the  upper  part  being  suitable  for  roofing 
and  other  portions  adapted  for  flagging.  It  is  greenish,  grayish 
and  sometimes  of  a  chocolate  color.  Its  grain  is  very  fine,  but 
in  some  places  it  is  arenaceous  rather  than  argillaceous.  Thick- 
ness about  2000  feet. 

III.  Below  this  great  mass  of  soft  schists,  he  described,  in  the 
first  place,  a  mass  of  500  feet  of  limestone,  designated  ^'Stock- 
bridge  limestone,"  which  graduates  downward  into  ^Halcose"  or 
magnesian  sandstones  and  slates,  the  whole  having  a  thickness  of 
about  1700  feet. 

IV.  Under  this  limestone  is  his  "granular  quartz  rock,"  more  or 
less  interstraiified  wltb  slates,  and  becoming,  in  some  places,  an 
immense  conglomerate  with  a  "chloritic  paste."  In  this  conglom- 
erate are  fragments  of  the  underlying  gneiss,  or 

v.  A  formation  which  constituted,  in  his  scheme,  the  "ancient 
gneiss"  on  which  the  Taconic  system  was  said  to  lie  unconform- 
ably. 

Now  it  requires  but  a  glance  to  perceive  how  closely  this  order 
coincides  with  that  which  has  been  independently  and  laboriously 
worked  out  in  the  Northwest.  We  have  in  both  instances  a 
"black  slate"  which  in  one  case  is  said  to  be  at  the  top  of  the 
system,  but  to  pass  apparently  beneath  the  *  ^ancient  gneisses," 
and  in  the  other  is  repoited  to  be  overlain  by  a  group  of  mica 
schist  and  the  "youngest  Huronian,"  a  mass  of  gneiss  and  gabbro. 
Below  the  black  slate  in  both  cases  is  an  immense  series  of  soft, 
hydro-mica  and  magnesian  schists.  These  again  are  followed 
by  limestone  which  in  the  Northwest  often  forms  marble,  and  in 

'According  to  Mr.  Ford  this  la  Conochoryphe. 
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New  England  sustains  extensive  marble  quarries.  This  has 
various  transitions  to  slate  and  to  a  hard  sandrock,  but  in  both 
places  it  becomes  known,  in  its  lower  portions,  as  a  great  bed  of 
quai'tzite ;  and  finally  at  the  base  is  coarsely  conglomeritic  with 
masses  of  rock  from  the  great  underlying  series  of  gneiss.  Were 
there  no  other  precedent  this  very  parallelism  would  be  taken  at 
once  as  demonstrative,  or  at  least  indicative,  of  equivalence  of 
age.  The  ^^Stockbridge  limestone,"  however,  at  Stockbridge, 
seems  to  be  of  the  Trenton  age,  according  to  Professor  Dana ;  and 
where  it  appears  in  the  Taconic  mountains,  farther  south  and  west, 
it  is  assumed  by  him  to  be  of  the  same  formation.  But  no  one 
can  afSrm  safely  that  the  Taconic  range  of  mountains  is  made  up 
of  the  Trenton  and  Hudson  River  formations  till  the  crucial  test 
has  been  applied  to  them  successfully  in  the  discovery  of  the  char- 
acteristic fossils,,  and  assuredly  not,  in  the  absences  of  this  test,  in 
the  face  of  the  foregoing  parallelism  with  a  limestone  known  to  lie 
much  lower ;  and  in  the  face  of  the  discovery  of  primordial  fossils 
in  Bald  mountain  some  miles  further  north  in  Washington  county. 
New  York.  It  is  to  be  remembered,  also,  that  the  schists  of  Mt. 
Washington  are  distinctly  different  from  those  of  southern  Ver- 
mont containing  the  Trenton  fossils  found  by  Mr.  Wing,  ^^a 
change"  taking  place  in  them  not  far  south  from  the  point  at  which 
the  fossils  were  found,  continuing  thence  to  the  southern  extrem- 
ity of  Mt.  Washington.^ 

Now,  however,  we  are  confronted  with  another  difficulty.  The 
geologists  of  Michigan  and  Wisconsin  have  set  aside  Dr.  Em- 
mons' identification  of  the  Menominee  rocks  with  the  Taconic  in 
1846,  and  have  called  them  Huronian,  the  same  that  has  been 
done  in  North  Carolina  by  Mr.  Kerr,  parallelizing  them  with  the 
Canadian  system,  which  in  1855  was  so  named  by  Dr.  T.  Sterry 
Hunt.8 

It  becomes  necessary,  therefore,  to  ascertain  of  what  the  Hu- 
ronian consists.  Dr.  Hunt  sets  out  with  the  statement  that  it 
was  designed  to  include  the  younger  and  unconformable  series  of 
metamorphic  rocks  found  on  the  shore  of  lake  Huron  and  in 
the  valley  of  the  Thessalon  river,  ^^and  also  the  so-called  volcanic 
formations  of  lake  Superior."  Thus  the  avowed  intent  was  the 
same  as  that  of  Dr.  Emmons  in  erecting  the  Taconic  system. 

TDana,  Jmer.  Jour.  Sei.  (3),  XVU,876. 
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If  we  seek  for  the  actual  stratigraphic  and  mineralogical  charac- 
ters of  these  rocks,  we  shall  find  them  in  the  geological  reports  of 
the  Canadian  survey,  particularly  that  of  1863. 

In  descending  oixier  the  original  Huronian  consists  of  the  fol- 
lowing strata,  disregarding  the  diorites  and  other  ^^greenstones," 
all  of  which  ai*e  thought  by  Logan  to  b6  of  igneous  origin,  though 
included  in  the  thicknesses  given. 

Whiteqnanlte 400  feet. 

Limestone 200  ** 

White  qnartzite 1500  *• 

Limestone,  siliceous  andcherty 400  " 

White  quartjsite 2970  " 

Bed  Jasper  conglomerate 2150  *' 

Red  quarteite  or  conglomerate 2300  ** 

Slate  conglomerate 3000  " 

Limestone 300  " 

Slate  conglomerate.. •••.. 1280  ** 

White  qaartsite 1000  " 

ChloriUc  and  epidotio  slates 2000  ** 

Gray  quartzite 500  << 

Total 18000    <* 

Of  this  series  of  18,000  feet,  900  feet  consist  of  limestone ;  2000 
feet  consist  of  ^'chloritic  and  epidotic  slates,"  and  15,100  feet  con- 
sist of  quartzite  and  conglomerate.  Perhaps  5000  feet  of  this 
last  thickness  may  be  considered  intrusive,  consisting  of  diorite 
and  other  forms  of  ''greenstone."  This  will  leave  10,000  feet,  at 
least,  for  the  aggregate  thickness  of  quartzite  and  conglomerate, 
being  nearly  double  that  observed  in  the  same  horizon  in  northern 
Minnesota. 

It  is  plain  to  see  that  if  there  be  any  parallelism  between  these 
beds  and  the  various  groups  made  out  in  the  Northwest,  the  whole 
of  these  strata  must  be  made  the  equivalent  of  Group  v,  or  the 
quartzite  and  marble  group.  The  2000  feet  of  chloritic  and  epi- 
dotic slates,  represented  as  near  the  base  of  the  original  Huro- 
nian, followed  as  they  are  by  an  immense  thickness  of  conglomerate 
and  slate-conglomerate,  are  anomalous  unless  there  be  below 
them  other  slate-conglomerates.  This,  indeed,  is  veiy  probable, 
since  on  the  shore  of  lake  Superior,  near  the  mouth  of  the  river 
Dor6,  according  to  the  same  authority,  the  lowest  part  of  the 
Huronian  is  seen  to  consist  of  a  green  slaty  conglomerate,  con- 
taining ''boulders"  of  granite  and  gneiss. 

The  extension  of  the  term  Huronian  from  the  horizon  of  the 
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original  Huronian,  upward  through  the  overlying  groups,  may  be 
justified  by  the  expresi^ion  of  the  original  intent  in  the  application 
of  the  term,  but  it  certainly  does  not  seem  warranted  by  any  de- 
scription of  rocks  by  the  Canadian  geologists,  nor  by  any  claim 
that  usually  has  been  put  forth  by  the  authors  of  the  name. 

There  is,  therefore,  a  conflict  between  the  Taconic  and  the 
Huronian,  both  in  respect  to  the  horizon  which  they  are  intended 
to  cover  (both  being  referred  by  their  authors  to  the  Lower  Cam- 
brian) and  in  the  horizon  of  rocks  which  they  actually  compass. 
The  Huronian,  however,  in  its  original  and  typical  description, 
can  be  parallelized  with  only  the  very  lowest  of  the  strata  that 
were  included  in  the  typical  and  original  Taconic ;  while  the  Ta- 
conic stretches  upward  at  least  as  far  as  to  include  the  fourth  and 
third  grand  groups  made  out  in  the  Northwest,  that  is  to  say,  the 
hydro-mica  and  magnesian  schists^  and  the  carbonaceous  and  are- 
naceous black  slaves. 

This  leaves  two  series  of  cocks  untouched  by  the  scope  of  either 
the  Huronian  or  the  Taconic,  as  these  systems  were  at  first  defined, 
namely  :  the  mica  schist  group^  and  the  granite  and  gneiss  tcith  gab- 
bro  group.  In  the  term  Montalban  proposed  for  these  groups  by 
Dr.  Hunt,  the  two  are  united  and  the  constant  distinctness  which 
they  seem  to  maintain  is  not  recognized.  The  granite  andgabbro 
group  has  affinities  with  the  overlying  Cupt^iferous  rocks,  and  per- 
haps, as  Irving  has  suggested  should  be  considered  the  base  of 
that  series  which  Brooks  has  named  ^^Kewenawian,"  whereas  the 
mica  schist  group  has  afl9nities  with  the  underlying  groups,  and 
has,  without  exception,  been  assigned  to  the  same  system  and  age 
as  those  underlying  groups.  The  granite  and  gabbro  group  has 
likewise  been  designated  difierently.  The  gabbro,  being  an  ig- 
neous rock,  varies  much  in  its  prevalence  and  in  its  apparent  rela- 
tion to  the  granite.  Its  greatest  development  produces  in 
Minnesota  a  range  of  low  hills  which  extend  northeastward  from 
Duluth.  Under  similar  circumstances,  this  group  has  received  the 
name  Ndrian,  though  at  first  called  Labradorian,  and  thought  to 
be  a  part  of  the  Laurentian.^  The  granite  and  gneiss,  also,  asso- 
ciated with  the  gabbro,  have  received,  under  one  of  their  modified 
conditions,  the  special  designation  Arvonian,  on  the  supposition 
that  these  rocks  where  they  so  appear,  are  not  modified  conditions 

*  It  was  described  by  Emmons  under  the  term  "Hypersthene  rock.** 
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of  granite  and  gneiss,  bnt  represent  independent  strata  that  lie 
near  the  bottom  of  the  "Huronian,"  equal  in  rank  to  any  of  the 
other  groups.  I  think  I  have  shown  elsewhere^®  that  the  Arvo- 
nian  rocks  of  lake  Superior  are  interstratified  with  the  Cuprif- 
erous, and  also  that  they  are  modified  sediments  of  the  Cupriferous. 
Instead  of  being  near  the  bottom  of  the  "Huronian"  in  the  North- 

m 

west,  they  overlie  all  the  other  groups  that  have  been  assigned  to 
the  Huronian  by  Irving,  and  constitute  a  part  of  the  great  series 
of  ^'younger  gneisses"  which  by  Brooks  has  been  ranked  as  the 
"j'oungest  Huronian." 

The  interesting  variety  of  nomenclature,  as  brought  out  by  the 
foregoing  remarks,  can  be  seen  by  a  glance  at  the  accompanying 
tabular  arrangement,  where  the  various  parallelisms  and  the  con- 
flicting nomenclature  are  placed  in  adjoining  columns. 

It  is  evident  from  this  table  that  at  present  it  is  a  hazardous, 
and  perhaps  an  impossible,  undertaking  to  assign  the  groups  of 
the  crystalline  rock&of  the  Northwest  to  any  of  the  terranes  that 
have  been  named  further  east^  without  violating  somebody's  sys- 
tem of  nomenclature.  Some  of  the  ground  has  been  covered 
several  times  by  different  names,  but  on  different  hypotheses  of 
structure,  origin,  and  parallelism.  Respecting  the  horizon  known 
as  ^^Laurentian"  there  is  an  approach  to  unanimity  and  agreement. 
This,  however,  consists  more  in  a  tacit  consent  to  style  the  low- 
est known  rocks  Laurentian,  than  in  any  agreement  among  geolo- 
gists as  to  the  nature  and  composition  of  the  strata.  The  Taconic 
of  Emmons,  which  has  been  buffeted  and  combated  f^om  the  day 
of  its  birth,  has  from  that  very  circumstance  been  generally  ig- 
nored by  geologists,  because  of  a  certain  air  of  dubious  authentic- 
ity which  accompanies  the  word.  The  term  Huronian  has  been 
allowed  to  stand  and  to  flourish,  partly  because  of  the  high  authority 
on  which  it  rests  and  the  remoteness  and  inaccessibility  of  the 
typical  locality,  and  partly,  at  first  because  of  the  non-publication 
of  Dr.  Emmons'  protestation  that  it  was  the  equivalent  of  some 
part  of  his  Taconic,  and  later,  because,  after  Emmons'  death,  as 
well  as  before,  his  opponents  were  active  in  spreading  views  ad- 
verse to  the  Taconic  system  throughout  the  literature  of  American 
geology.  The  original  Huronian  has  grown  from  the  dimensions 
of  a  single  group  (the  quartzite   and  marble  group),   so   as  to 

>o  A.  A.  A.  S.  Cincinnati  meeting;  Minnesota  Survey,  Bep.  for  1880,  p.  36;  ibid.,  1881, 
p.  110. 


S78  SECTION  E. 

include  all  the  crystalline  rocks  lying  above  that  group,  spread- 
ing from  the  Laurentian  to  the  unchanged  sediments  of  the 
Upper  Cambrian.  This  has  become  so  obviously  wrong,  in  some 
cases,  and  has  included  groups  of  rocks  so  plainly  extra-Huro- 
nian,  that  a  double  and  triple  nomenclature  has  been  applied  to 
a  part  of  these  upper  rocks,  for  the  purpose  of  relieving  the 
term  of  the  heterogeneous  burden  which  it  was  otherwise  com- 
pelled to  carry.  These  new  names,  with  the  exception  of  the 
Montalban,  seem  to  be  of  value  only  as  regional  designations,  the 
strata  which  they  represent  being  igneous  or  metamorphic,  and 
hence  liable  to  be  wanting  in  some  places  and  to  be  non-crys- 
talline in  others.  They  further  complicate  the  stratigraphic  no- 
menclature, since  the  strata  are  probably  only  the  locally  modified 
parts  of  the  same  system.  Their  geographic  distribution  in  the 
Northwest  not  only  indicates  their  stratigraphic  horizon,  but 
also  their  limited  and  local  existence. 

In  conclusion,  the  chief  points  brought  out  in  this  discussion 
may  be  stated  more  concisely  : 

1.  The  crystalline  rocks  of  the  Northwest  are  comprised  under 
six  well-marked  comprehensive  groups. 

2.  The  Taconic  of  Emmons,  so  named  in  1842,  and  more  cor- 
rectly defined  in  1846,  included  three  of  these  groups. 

3.  The  Huronian  of  Canada  is  the  equivalent  of  the  lowest  of 
the  Taconic  groups,  and  the  perfect  parallel  of  only  the  lowest  of 
the  groups  in  the  Northwest  that  have  been  designated  Huronian. 

4.  The  uppermost  of  the  groups  in  the  Northwest  is  local  in 
its  existence,  and  exceptional  in  its  character,  and  has  received 
therefore  a  variety  of  names. 

5.  There  are,  therefore,  confusion  and  conflict  of  authority  in 
the  application  of  names  to  the  crystalline  rocks  of  the  Northwest. 


▲DDBES8  BT  N.   H.   WINCHSLL. 
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PAPERS    READ. 


Thx  Missouki  Cotkau  axd  m  xoraises.    Bj  Prof.  J.  £.  Todd, 
Scientific  Department  of  Tabor  College,  Tabor,  Iowa. 

Thib  paper  proposes  to  express  briefly  the  results  of  the  aoUioi^s 
reoonnoissance  of  the  Cotean  da  Missoari  nnder  the  auspices  of 
U.  S.  Geological  Snnrej.  This  reoonnoissance  consisted  of  a 
toar  of  nearlj  2000  miles,  so  planned  as  to  bring  most  of  the 
Cotean,  sooth  of  the  Northern  Pacific  Railroad,  under  the  eye. 
Some  portions,  howerer,  remain  yet  without  satisfactory  ex- 
ploration. 

The  common  conception  of  the  Cotean  seems  to  be  that  it  is  a 
high  plateau,  for  so  it  was  called  by  the  early  voyagers,  so  it  has 
been  mapped,  and  so  it  appears  from  the  glimpses,  which  one  gets 
of  it  from  the  old  routes  along  the  James  River.  But  a  closer 
examination  shows  that  it  is  not  a  typical  plateau  (not  even  as 
worthy  of  the  name  as  its  associate  the  Plateau  du  Cotean  des 
Prairies).  It  is  a  mere  skeleton  of  one,  especially  toward  its 
southern  end.  Several  valleys  of  considerable  size  like  the  ^*Great 
Ree  Valley,''  which  rivals  the  famous  James  River  valley  itself, 
cross  it  transversely. 

If  the  term  plateau  be  used  less  strictly,  there  seems  to  be 
no  good  topographical  reason  for  separating  the  Coteau  du 
Missouri  from  similar  highlands  west  of  the  Missouri  river, 
for  the  Missouri  above  Yankton  flows  in  a  comparatively  in- 
signiflcant  valley,  which  is  no  more  worthy  to  be  considered  a 
topographical  boundary  than  are  several  of  its  western  tributaries, 
but  on  the  contrary  perhaps  less  so.  It  is  certainly  insignificant 
when  compared  with  the  valley  of  the  James  which  is  25-60  miles 
in  width. 

That  the  Missouri  channel  is  an  incidental  and  not  a  controlling 
feature  in  the  region  is  further  remarkably  shown  by  its  course 
above  the  month  of  the  Niobrara.  Although  a  large  river,  it  flows 
500  or  600  miles  parallel  with  the  edge  of  a  great  highland  region, 
and  200-250  feet  above  the  James  valley  bounding  that  region  on 
the  east,  and  strangely  enough,  although  distant  only  40-70  miles, 
with  not  only  no  rocky  barrier  to  prevent,  but  transverse  valleys  to 
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encourage  its  passage,  it  has  held  its  present  track  long  enough  to 
determine  its  permanent  course,  by  the  excavation  of  a  channel. 
To  show  this  more  definitely,  we  may  have  recourse  to  railroad 
profiles  which  show  the  Missouri  at  Bismark  250  feet  above  the 
James  at  Jamestown,  and  at  Pierre  200  feet  above  the  James 
at  Huron.  While  this  is  remarkable  in  a  region  where  the  strata 
are  mostly  soft  clays  arranged  horizontall}'^,  yet  the  wonder 
is  greater  when  we  find  evidence  that  the  Missouri  has  recently 
run  800-400  feet  higher  than  at  present.  We  may  find  light  upon 
this  further  on. 

1.    The  Structure  of  the  Missouri  Coteau. 

The  Coteau  is  built  mostly  of  Cretaceous  clays  of  the  St.  Pierre 
group  and  capped  with  thin  even  layers  of  the  Fox  Hills  sandstone 
northward,  and  with  the  Long  River  sandstone  southward.  The 
western  side  of  the  Coteau  presents  the  usual  features  of  deeply 
eroded  topography.  Buttes  and  flat-topped  ridges  abound.  On 
its  eastern  side  however,  although  there  is  evidence  of  a  former 
similar  character,  it  is  now  plastered  over  with  drift  and  presents 
the  usual  features  of  stony  morainic  hills  and  basins.  This  plaster- 
ing, as  hinted  before,  does  not  present  a  smooth  or  continuous 
eastern  front.  In  some  cases  it  rises  abruptly  over  600  feet ;  in 
others,  as  along  the  railroads  west  from  Jamestown,  Aberdeen 
and  Huron,  the  ascent  is  quite  gradual,  in  fact  imperceptibte  to  an 
ordinary  observer.  The  surface  in  the  Ree  Valley  rises  6-8  feet 
per  mile  and  is  as  even  as  an  alluvial  plain. 

The  Loup  River  sandstone  has  been  traced  with  considerable 
confidence  in  the  east  front  of  the  Wessington  Hills  and  in  the 
Bijous  and  with  some  doubt  in  bluffs  along  the  Verdigris  in 
Nebraska. 

We  have  spoken  of  the  strata  as  horizontal.  There  is  some 
evidence  of  two  low  broad  anticlinals,  one  extending  northeast 
from  the  Bijou  Hills  and  another  also  northeast  from  near  the 
mouth  of  Grand  River. 

The  bluffs  along  the  left  bank  of  the  Missouri  which  constitute 
the  western  edge  of  the  Coteau  are  over  400  feet  high  near  Forts 
Rice  and  Yates,  are  600  near  the  mouth  of  Grand  river,  860  at 
Chamberlin,  700  at  the  Bijou  Hills  and  200  at  the  mouth  of  the 
Niobrara.  The  Coteau  is  bounded  approximately  on  the  east  by 
the  contour  line  of  1500  feet. 
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2.    The  Moraines  of  the  Missouri  Coteau, 

There  are  two  moraines  quite  easily  traceable  upon  the  Missouri 
Coteau.  From  their  elevations,  position  and  general  features 
they  are  probably  equivalent  to  the  Altamont  and  Gary  moraines, 
as  named  by  Prof.  T.  C.  Chamberlin,  upon  the  Coteau  des  Prairies, 
This  is  not  yet  demonstrated  however. 

(1.)  The  outer  moraine  is  the  most  pronounced,  consisting  of 
loops,  convex  usually  toward  the  west  and  south,  but  in  rare  cases 
toward  the  northwest,  as  will  be  seen.  These  loops  connect  at 
reentrant  angles  pointing  toward  the  northeast  and  east,  which  are 
usually  sharp  and  sometimes  are  extended  into  elongated  ridges. 
The  moraine  varies  in  elevation  with  the  region  on  which  it  rests. 
Its  relative  height  is  usually  great  at  the  head  of  the  reentrant 
angles  or  interlobular  moraine.  These  frequentlj'  stand  out  like 
great  promontories  rising  150-400  feet  above  the  plain  around  them. 
At  the  bottom  of  a  loop  the  moraine  is  apt  to  be  slight  or  wanting, 
if  on  lower  land ;  the  flow  of  water  from  the  ice  probably  having 
carried  away  the  debris  as  rapidl}'  as  it  was  pushed  forward  by 
the  ice.  On  the  other  hand,  in  case  the  loop  was  pushed  up  an 
inclined  plane  and  the  water  did  not  find  free  escape,  it  (the  loop) 
is  well  developed  all  around.  The  outer  moraine  in  some  places 
is  very  rough  and  stony ;  at  other  points  it  is  a  smooth,  broad 
ridge  with  few  knobs,  and  covered  with  a  deep  fertile  soil. 

The  course  of  the  outer  moraine  may  be  described  somewhat  in 
detail,  as  follows : 

A  long  narrow  loop  extends  from  near  the  east  front  of  the 
Coteau  down  the  valley,  now  partly  occupied  by  Long  Lake,  nearly 
to  the  Missouri.  From  its  sides  it  sends  out  smaller  loops  toward 
the  south  and  west.  The  N.  P.  R.  R.  passes  diagonally  across 
the  large  loop  crossing  the  moraine  a  little  west  of  Sterling,  about 
20  miles  east  of  Bismark.  Thence  af^r  describing  the  extremity 
and  southern  side  of  the  loop  it  turns  N.  £.  to  the  vicinity  of 
Crystal  Springs,  about  30  miles  west  of  Jamestown,  there  it 
doubles  upon  itself  forming  a  high  abrupt  ridge  and  returns  S.  W. 
about  15  miles  nearly  to  the  northwest  corner  of  Logan  county ; 
thence  it  turns  S.  S.  E.  to  the  head  waters  of  Beaver  River,  thence 
£.  by  8.  about  20  miles  in  a  series  of  small  crowded  loops  nearly  to 
the  southeast  corner  of  Logan  Co.,  whence  a  long  broken  ridge  of 
high  morainic  hills  extends  about  20  miles  to  the  edge  of  the  coteau 
in  the  northeast  corner  of  the  same  county.    After  describing  this 
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interlobular  portion  the  moraine  continues  in  its  former  direction 
(£.  by  S.)  about  10  miles,  then  after  forming  a  semicircular  loop 
about  12  miles  across  it  reaches  a  headland  on  the  east  edge  of  the 
coteau,  about  30  miles  west  of  a  prominent  bend  in  the  James  River, 
and  15  miles  north  of  the  46th  parallel.  This  portion  of  the  mor- 
aine in  Logan  County  is  of  indefinite  breadth,  the  glacier  having 
apparently  shoved  up  against  a  close  array  of  flat-topped  ridges, 
between  which  the  ice  penetrated  to  some  extent.  Several  deep 
narrow  drainage  channels  were  noted,  but  the  debris  of  the  glacier 
was  carried  away  less  than  usual,  and  accumulated  in  a  confusion 
of  short  broken  ridges. 

From  the  headland  last  mentioned  the  moraine  extends  25  miles 
S.  by  W.  in  a  direct  line  past  the  southeast  corner  of  Mcintosh 
county.  Over  this  portion  it  coincides  with  the  crest  of  a  high 
ridge  12-15  miles  in  breadth  and  rising  much  of  its  course  over 
600  feet  above  the  plain  immediately  east.  It  presents  to  an  ob- 
server from  that  direction  the  nearest  resemblance  to  the  ideal 
Plateau  du  Coteau  du  Missouri,  which  is  to  be  found  anywhere  south 
of  the  Northern  Pacific.  He  ascends  it  with  difiSculty  and  travels 
an  hour  or  more  amid  high  stony  knobs  and  circular  basins  before 
he  gains  a  different  view,  but  ere  long  he  comes  out  on  the  western 
side  of  the  ridge  and  overlooks  a  broad  network  of  old  channels 
and  alkali  lakes,  scattered  thick  with  boulders,  but  not  showing 
typical  glacial  topography.  The  whole  plain  is  150-200  feet  be- 
low him. 

About  six  miles  S.W.  of  the  southeast  corner  of  Mcintosh  county 
the  moraine  gradually  circles  around  westward  till  its  course  is 
due  west  and  perhaps  a  little  north,  while  it  passes  50  miles  through 
the  northern  parts  of  McPherson  and  Campbell  counties.  This 
portion  has  not  yet  been  clearly  determined. 

The  moraine  appears  again  following  down  the  east  bank  of  the 
Missouri  river  between  it  and  the  valley  of  the  Bois  Cache  creek, 
above  the  mouth  of  Grand  River,  where  it  is  a  high  knobby  ridge 
over  600  feet  above  the  Missouri  and  nearly  400  feet  above  the 
plain  just  east.  Thence  it  declines  in  elevation,  as  it  passes  down 
the  west  side  of  the  Bois  Cache  valley,  and  disappears.  On 
the  west  side  of  the  Missouri  are  ridges  crossing  the  Moreau  val- 
ley and  circling  around  to  the  southeast,  closely  resembling  the 
moraine  from  a  distance.  A  closer  study  was  impracticable.  What- 
ever its  course,  it  is  found  again,  as  prominently  and  characteristi- 
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cally  formed  as  ever,  crossing  Swan  Lake  creek  10  miles  east  of 
its  mouth  and  extending  in  a  N.  E.  by  S.  W.  direction  with  its  inner 
side  toward  the  northwest. 

It  keeps  its  N.  E.  course  about  25  miles,  nearly  to  the  northeast 
corner  of  Walworth  county,  then  describes  a  broad  curve  around 
to  the  E.  and  S.  E.  finally  taking  a  S.  by  W.  direction  at  a  point 
about  30  miles  east  of  the  mouth  of  the  Moreau  river  having  en- 
closed a  broad  interlobular  area  including  Swan  Lake  and  its  tribu- 
taries. This  portion  of  the  moraine  is  high  and  continuous  but 
considerably  worn  b}'  small  water  channels. 

From  a  point  80  miles  east  of  the  mouth  of  the  Little  Cheyenne, 
the  moraine  begins  to  curve  regularly  and  rapidly  toward  the 
east,  a  course  it  keeps  for  more  than  20  miles,  to  the  eastern  end 
of  what  are  locally  called  the  Bald  Mts.  (near  long.  99°,  lat.  45°). 

There  doubling  around  westward  in  a  distance  of  5  or  6  miles 
it  stretches  away  in  a  nearly  direct  line  to  the  Missouri  River  a 
little  south  of  Little  Cheyenne,  curving  to  the  N.  W.  a  little  before 
reaching  that  point. 

Thence  along  the  east  bank  of  the  Missouri,  50  miles,  to  the 
vicinity  of  Pierre,  are  remains  of  reentrant  angles  and  interlobular 
moraines,  some  of  them  rising  over  100  feet  above  the  very  even 
plain  around  them. 

From  the  vicinity  of  Pierre  the  moraine  turns  N.  E.  forming  an 
interlobular  portion  with  a  very  conspicuous  head,  called  East 
Medicine  Hill  about  200  feet  above  the  plain. 

Thence  by  a  sharp  curve  S.  W.  then  gradually  around  toward 
the  east  till  it  reaches  another  conspicuous  headland  called  the 
Bee  Hills. 

From  the  northeast  face  of  the  Rees  the  moraine  turns  abruptly 
S.  W.  and  loses  itself  in  a  bouldery  plain. 

Southeast  of  the  Rees  are  two  high  morainic  ridges  extending 
in  a  N.  E.  by  S.  W.  direction  5  or  6  miles  in  length  and  as  far 
apart.  They  are  evidently  interlobular  moraines,  the  correspond- 
ing loops  Ib^ing  incomplete. 

Still  farther  southeast,  in  a  corresponding  position,  is  a  longer  and 
less  regular  ridge,  which  extends  N.  E.,  upon  a  high  swell  known 
as  the  Wessington  Hills,  to  the  head  of  Sand  Hill  Creek.  From 
the  southern  end  of  this  ridge  an  incomplete  loop  connects  with 
Turtle  Point  which  stands  upon  the  edge  of  the  Coteau  and  rises 
over  400  feet  above  the  plain  east. 

A.  A.  A.  8.,  VOL.  XXXIII.  .  25 
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From  Turtle  Point  the  moraine  extends  high  and  sharp  12  miles 
S.  then  S.  W.  in  quite  a  direct  line  to  the  east  end  of  the  Bijou 
Hills.  Opposite  Crow  Lake  and  White  Lake  are  gaps  through 
which  water  formerly  escaped  N.  W.  The  more  notable  variation 
from  the  direct  course  is  a  small  semicircular  loop  of  stony  ridges 
pushed  westward  toward  Red  Lake. 

In  the  vicinity  of  the  Bijous  the  moraine  is  not  prominent  except 
at  the  east  end  of  the  East  Bijou  and  along  its  southern  side,  where 
boulders  are  piled  up  to  a  height  of  300  feet.  The  West  Bijou 
though  lower  has  no  drift  erratics  upon  its  summit. 

A  stony  ridge  between  Snake  and  Platte  creeks,  100  feet  high, 
about  10  miles  S.  £.  of  the  Bijous,  is  clearly  a  portion  of  the 
moraine ;  but  no  more  is  found  of  it,  until  we  come  to  the  Cedar 
Creek  Hills. 

These  form  the  point  of  a  reentrant  apgle  toward  the  N.  E. 
From  this  point  there  is  a  continuous  range  of  hills,  100-300  feet 
in  height  above  the  plain  N.  £.,  to  the  mouth  of  Choteau  Creek. 
Through  this  well  defined  range  there  are  three  prominent  gaps  h 

or  outlets,  one  occupied  by  Pease  Creek,  another,  the  grandest, 
partially  by  Lake  Andes,  another  by  Grass  Lake. 

Along  the  east  side  of  Choteau  Creek  between  it  and  Manuel 
Creek,  is  a  high  morainic  ridge  known  as  Choteau  Creek  Hills,  275 
feet  high.  This  is  evidently  an  interlobular  portion.  But  we 
have  already  followed  the  moraine  beyond  the  Missouri  Coteau, 
and  to  a  point  beyond  which  it  disappears. 

Eastward  from  near  the  mouth  of  the  Niobrara,  it  evidently  was 
either  removed  by  the  river  as  it  formed,  or  else,  crossing  the  river, 
remains  buried  in  the  deep  loess  deposits  which  cover  that  region. 
Future  explorations  will  doubtless  decide. 

Recapitulating ;  we  find,  in  this  moraine,  traces  of  four  great 
lobes  of  the  Ice  Sheet  pushing  through  from  tiie  James  to  the 
Missouri,  viz.,  the  Long  Lake  lobe,  the  Bois  Cache  lobe,  the  Ree 
lobe  and  the  Pratt  Creek  lobe,  as  we  may  call  them  for  lack  of  ^ 

more  descriptive   names.     They  show   surprising   resemblances, 
the  more  prominent  of  which  may  be  readily  seen  from  the  map. 

Each,  too,  has  its  peculiarities.  The  Long  Lake  lobe  has  left 
its  area  abounding  in  sand,  which  is  readily  traced  to  the  Fox  Hills 
Sandstone  in  the  vicinity.  The  Bois  Cache  especially  toward  its 
terminal  end  is  much  water- worn  and  presents  sand  hills,  gravel 
plains  and  extensive  fields  covered  with  boulderets. 
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The  subordinate  lobe  north  of  the  Bald  Mts.,  like  the*  similarly 
situated  one  south  of  the  Long  Lake  lobe,  has  left  deeper  basins, 
which  are  frequently  long  and  winding  and  depressed  15  to  50 
feet  below  the  general  level. 

The  Ree  lobe  on  the  contrary  left  its  ground  moraine  very  even, 
elevations  and  depressions  varying  more  than  5  feet  from  the  gen- 
eral level  being  rare  over  most  of  its  surface.  The  same  is  true 
in  less  degree  of  the  small  lobes  extending  south  from  it.  This 
lobe  has  also  a  curious  fan-shaped  termination  as  will  be  seen  from 
the  map. 

The  broad  area  south  of  the  Wessington  Hills  is  much  of  it 
even,  although  at  several  places,  as  near  Grand  View,  it  is 
broken  into  knobs  and  basins,  having  a  difference  of  altitude  of 
30-50  feet.  The  even  areas  are  some  of  them  of  lacustrine  origin, 
and  even  where  this  is  not  evident  the  surface  presents  a  curiously 
patched  appearance,  clayey  spots  of  irregular  shape  lying  about 
in  the  more  prevalent  black  sandy  loam,  and  vice  versa:  each  soil 
being  marked  by  its  characteristic  vegetation  and  showing  differ- 
ent hygrostatic  characters.  This  phenomenon  may  be  compared 
with  the  sandy  and  clayey  patches  on  a  Missouri  River  sand  bar. 

(2)  The  inner  moraine  apparently  crosses  the  Northern  Pacific 
a  little  west  of  Crystal  Springs;  Thence  it  is  believed  (from  the 
position  of  several  peaks  seen  at  a  distance)  to  pass  in  a  shallow 
curve  S.  E.  to  the  headland  in  the  northeast  corner  of  Logan 
Co.,  about  thirty  miles  southwest  of  Jamestown  :  thence  it  seems 
to  lie  along  the  edge  of  the  Coteau  in  a  direct  line  south-southeast 
to  the  headland  in  northwestern  Dickey  County :  thence  it  is  not 
easily  separable  from  the  outer  moraine  till  the  latter  begins  to 
curve  more  toward  the  west,  when  the  former  leaves  it  gradually, 
keeping  farther  south,  but  also  curving  westward. 

It  is  unascertained  whether  it  is  traceable  into  the  Bois  Cache 
valley  or  whether  it  takes  a  more  direct  course  toward  the  high- 
lands surrounding  Swan  Lake.  Low  morainic  hills  are  found  in 
position  to  favor  either  theory,  but  quite  possibly  the  more  remote 
are  to  be  ascribed  to  a  minor  local  fluctuation  of  the  ice  incident 
upon  so  slender  a  lobe.  However  that  may  be,  it  is  well  marked 
in  a  series  of  high  morainic  points  forming  a  shallow  curve  approx- 
imately parallel  with  the  outer  moraine  and  8  to  12  miles  east  of  it, 
from  the  latitude  of  Swan  Lake  nearly  to  the  eastern  extremity  of 
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the  Bald  Mountains.  These  it  approaches  more  closely  and  forms  a 
range  of  foot  hills  around  them.  After  reaching  their  southern 
^ide  it  begins  to  swing  away  from  them  toward  the  south.  Thence 
thirty  miles  or  more  have  not  been  traced,  but  it  was  noted  again 
west  of  Uighmore  curving  across  the  Ree  Valle}'^  from  the  north- 
west, a  belt  of  knolly  ridges  fifteen  to  twenty  feet  high  and  three 
to  four  miles  in  width :  thence  it  curves  east  and  forms  the  foot- 
hill range  around  the  higher  Ree  Hills.  It  has  not  been 
distinguished  in  the  ridges  southeast  of  the  Rees,  but  knobs  thirty 
•to  forty  feet  high  south  of  Wessington  on  the  Dakota  Central,  and 
airange  of  high  stony  hills  along  Sand  Hill  Creek,  are  probably  the 
representatives  of  it.  At  Mitchell  it  is  well  developed  again,  es- 
pecially in  the  Enemy  Creek  Hills  a  few  miles  south  of  the  town. 
Thence  it  takes  a  southeast  course  and  is  lost  in  the  rough  plain 
of  the  James,  southeast  of  Rockport. 

At  several  places  where  this  moraine  approaches  the  outer  mo- 
raine or  is  pushed  up  against  the  steep  edge  of  the  Coteau,  its 
outer  margin  is  fringed  by  a  belt  of  lakes  which  are  usually  con- 
nected by  ancient  water  channels.  This  has  been  noted  in  Western 
La  Moure  Co.,  in  McPherson  Co.  and  on  the  east  side  of  the  Ree 
Hills. 

3.  The  Portion  of  the  Missouri  Coteau  outside  the  Moraines, 

There  remains  a  portion  of  the  Coteau  not  yet  discussed,  which 
we  are  now  better  prepared  to  study,  viz.,  the  portion  outside 
the  outer  moraine. 

We  might  perhaps  expect  to  find  it  driftless,  or  at  least  covered 
with  scattered  boulders  along  the  principal  valleys  only,  the  table- 
lands and  buttes  being  driftless,  but  neither  is  found  to  be  true. 

This  outer  region  divides  itself  naturally  into  three  great  divi- 
sions alternating  with  the  four  gi^eat  lobes  of  the  ice  before 
sketched. 

1.  From  the  mouth  of  Grand  River  northward  indefinitely,  at 
least  as  far  as  Bismark,  this  region  is  covered  with  erratics  from 
the  northeast,  except  as  they  have  been  removed  by  later  erosion, 
the  caving  of  banks,  and  the  cutting  of  channels. 

The  buttes  opposite  Fort  Rice,  425  feet  high  above  the  river, 
show  fifty  feet  of  boulder  clay  upon  their  summits.  The  same 
seems. generally  true  of  the  buttes  and  ridges  over  the  whole  re- 
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gion  from  the  moraine  to  the  Missouri  River.  How  far  west  of  the 
latter  has  not  yet  been  determined  with  certainty.  How  to  ac- 
count for  this  deposit  of  drift  is  a  problem  not  yet  solved.  A 
broad  hint  may  be  takeiyrom  the  morainic  deposits  near  the  mouth 
of  the  Grand  River.  A  comparison  of  altitudes  shows  that  the 
summit  of  the  moraine  west  of  the  Bois  Cache  near  the  mouth  of 
Grand  River,  is  probably  higher  than  any  drift  deposit  over  the 
whole  of  this  area  under  consideration,  except  in  the  close  vicinity 
of  the  moraine  itself.  If  so,  these  drift  deposits  are  probably 
sub-aqueous  till  as  defined  by  Prof.  Chamberlin,  and  were  deposited 
in  a  lake  produced  by  the  damming  of  the  Missouri  by  tlie  Bois 
Cache  lobe.  A  demonstration  of  this  theory  remains  to  be  worked 
out. 

2.  The  region  external  to  the  moraine  around  Swan  Lake  and 
the  Little  Cheyenne.  This  area  presents  no  buttes,  but  instead, 
hills  of  shales  and  laminated  clay  covered  with  a  thin  layer  of 
drift,  with  a  wonderful  profusion  of  low  sharp  stony  ridges  on  the 
sides  and  in  the  bottoms  of  the  valleys,  with  their  axes  parallel 
with  tiie  lines  of  natural  drainage.  These  are  near  the  outer  face 
of  the  moraine  and  were  specially''  noticed  west  of  Swan  Lake  and 
on  the  south  side  of  the  Little  Cheyenne  valley. 

On  the  plain  connecting  Swan  Lake  with  the  Little  Cheyenne 
are  vast  deposits  of  gravel.  Apparently  this  area,  surrounded,  as 
it  was,  by  ice  on  every  side,  was  traversed  by  numerous  streams 
of  running  water. 

3.  The  area  from  Fort  Pierre  to  the  Bijou  Hills  presents  fea- 
tures reminding  us  of  the  first  area  described,  except  that  it  has 
few  buttes.  Much  of  the  region  between  the  American  and  Crow 
Creeks  is  without  drift  but  probably  because  it  has  been  recently 
removed  by  erosion.  South  of  the  Ree  Hills  are  extensive  gravel 
deposits  and  a  plain  suggesting  lacustrine  action.  About  Cham- 
berlin and  Red  Lake,  the  surface  though  resembling  erosive 
topography  is  thickly  covered  with  a  boulder  clay.  Two  explana- 
tions suggest  themselves  :  either  there  was  glacial  action  over  an 
anciently  eroded  surface  but  too  weak  to  smooth  it ;  or  the  boulder 
clay  is  a  floating-ice  deposit,  sub-aqueous  till.  The  latter  view  is 
corroborated,  by  the  absence  of  distinct  moraines  outside,  and  by 
the  limitation  of  the  boulders  apparently  to  a  water  line,  which  was 
specially  noticed  near  the  West  Bijou. 

Looking  farther  we  find  some  evidence  that  the  ice  crossed  the 
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river  near  the  mouth  of  Pratt  Creek.^  Moreover  the  height  of  the 
region  about  the  Bijous  and  the  configuration  of  the  country  waa 
favorable  for  the  formation  of  a  barrier  which  would  set  back  the 
water,  away  above  Pierre. 

A  fourth  area  comes  naturally  next  in  order  but  it  transcends 
our  limits, —  the  Loess  area  which  begins  near  the  mouth  of  the 
Niobrara  and  extends  indefinitely  southward. 

4.     Drainage  of  the  Missouri  Coteau. 

Before  closing  this  paper  it  may  be  pardonable,  considering 
their  close  relation  to  our  subject,  together  with  their  intrinsic 
interest,  to  speak  briefly :  First,  of  the  present  drainage  of  the 
Coteau  as  related  to  the  moraines,  and  second,  with  regard  to  the 
probable  preglacial  drainage  as  related  to  the  same. 

(1)  The  present  streams  of  the  Missouri  Coteau  are  but  the 
degenerate  successors  of  the  voluminous  rivers  of  the  Post-pliocene. 

They  may  be  divided  quite  naturally  into  three  classes  : 

First,  those  outside  of  the  outer  moraine  originating  at  the  time 
of  the  occupation  of  the  same  by  the  ice. 

Second,  those  between  the  two  moraines,  which  were  the  prin- 
cipal channels  of  drainage  for  the  ice  when  it  stood  against  the  in- 
ner moraine. 

Third,  those  formed  later  within  the  inner  moraine  which  mark 
the  lower  portions  of  the  groiind  moraine  after  the  recession  of  the 
Ice  Sheet  from  tiie  James  Valley. 

Of  the  third  class  we  need  say  very  little.  Their  existence  and 
position  are  for  the  most  part  easily  explained  by  the  present  con- 
figuration of  the  country.  A  little  variation  may  be  traced  to  the 
influence  of  the  ice  when  it  occupied  the  third  or  B^dfield  moraine, 
but  this  is  not  within  the  limits  of  the  Coteau. 

The  second  class  is  also  comparatively  unimportant  on  account 
of  the  nearness  of  the  moraines  to  each  other  through  most  of  their 
course.      The  Bois  Cache,  Okobojo,  Medicine,  Pratt,  and  Choteau 

^  Since  this  paper  was  written,  the  writer  has  concluded,  after  a  careful  examination 
of  the  region,  that  the  ice  did  not  ptiss  the  present  channel  of  the  river  at  this  point. 
No  erratics  were  found  on  the  west  side,  hUher  than  SOO  feet  above  tlie  river,  though 
the  moraine  at  the  Cedar  Creek  Hills  rises  over  GOO  feet  above  the  same. 

A  signiflcant  feature,  in  the  narrow  valley  of  the  river  here,  is  a  high  terrace  com- 
posed mainly  of  boulders,  which  commences  at  a  height  of  250  feet  and  slopes  rapidly 
down  to  the  river. 

This  indicates  the  former  existence  of  violent  rapids  which  conveyed  the  nascent 
moraine  down  stream,  and  probably  checked  somewhat  the  advance  of  the  ice. 
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creeks  are  the  most  prominent  examples  of  this  class,  and  are  all 
characterized  by  their  deeply  eroded  valleys.  Their  principal 
sources  all  lie  along  the  inner  moraine. 

The  first  class  includes  the  most  interesting  streams  of  the  re- 
gion. 

The  Beaver  River  springs  from  a  cluster  of  lakes  grouped  in 
and  around  a  great  gap  at  the  extremity  of  the  subordinate  lobe 
just  south  of  the  Long  Lake  lobe ;  and  with  its  branches  probably 
drained  about  fifty  miles  of  the  moraine. 

Swan  Lake  Creek  and  the  Little  Cheyenne,  which  were  at  that 
time  united,  drained  a  similar  extent. 

Crow  and  American  Creeks  had  a  similar  position,  the  former 
is  of  unusual  interest,  as  two  of  its  principal  branches  lead  us  into 
the  heart  of  the  great  interlobular  moraines,  the  Rees,  and  the 
range  of  which  Turtle  Point  is  the  head,</i67i  by  urmistakable 
channels  through  them  to  the  inner  side  of  the  moraine  and  out  upon 
the  great  ice  sheet  itself.  It  produces  strange  sensations  to  pass 
up  those  dry  flat- bottomed  valleys  with  a  steep  bank  on  either 
band  50  to  150  feet  in  height,  almost  built  of  boulders ;  huge  cones 
of  gravel  evidently  formed  in  ancient  eddies  here  and  there  in  the 
valley  ;  similar  valleys  joining  it  now  and  then.  You  press  on,  won- 
dering where  the  beginning  can  be,  for  your  map  tells  you  that 
there  are  streams  which  must  cut  right  across  its  course  if  it  con- 
tibues,  as  far  as  you  might  judge  from  its  width.  You  press  on 
eagerly,  you  note  the  banks  rapidly  subsiding,  but  the  channel  you 
tread  still  preserves  its  gradual  rise,  then  suddenly  3'ou  come  out 
upon  the  face  of  the  range  and  a  magnificent  view  of  the  plain  200 
to  300  feet  below,  bursts  upon  you. 

You  look  for  the  inclined  plane  which  by  easy  steps  has  brought 
you  to  this  altitude,  and  find  it  ending  abruptly  with  the  face  of 
the  hills.  You  realize  as  never  before  the  mass  of  ice  which  once 
must  have  occupied  the  expanse  before  you.  You  can  see  that 
stream  scores  of  yards  in  width  leaving  its  icy  banks,  now  van- 
ished in  thin  air,  for  the  stony  ones  which  still  remain. 

(2)  Preglacial  drainage  of  the  Coteau.  Probably  the  most 
striking  feature  of  the  moraines,  as  we  have  traced  them,  is  the 
curious  breaking  up  of  the  ice  sheet  into  finger-like  lobes,  and  the 
turning  of  them  so  strangely  toward  the  west.  Why  is  this?  We 
are  not  prepared  to  reply  with  confidence,  but  oflfer  the  following 
as  a  provisional  explanation. 
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We  have  learned  that  the  Ice  Sheet  was  not  so  stubborn  a  body 
as  was  formerly  supposed,  but  was  turned  by  the  configuration  of 
the  ground.  This  was  specially  true  of  its  attenuated  western 
edge. 

A  natural  suggestion  is,  then,  that  the  Long  Lake  valley,  the 
Bois  Cache  and  Eee  valleys  were  preglacial. 

If  so,  what  formed  them  ?  Looking  across  the  Missouri  we  find 
a  continuation  of  these  valleys  further  west,  where  they  are  occu- 
pied by  the  Cannon  Ball,  the  Grand  joined  with  the  Moreau,  and 
the  Big  Cheyenne  with  the  Wakpa  Shicha  ;  while  the  White  River 
is  related  somewhat  similarly  to  the  lobe  south  of  the  Wessingtons. 
May  we  not  then  eventually  find  evidence  that  these  rivers  once 
flowed  thr6ugh  to  the  James  valleys — that  great  valley  which 
seems  more  deserving  of  some  stream  like  the  Missouri?  That 
very  stream  perhaps  once  occupied  it,  before  being  forced  by  the 
ice  sheets  to  leave  it,  collect  iis  tributaries,  and  escape  to  the  south 
by  its  present  course.  We  are  not  prepared  however,  to  say  that 
this  was  probably  the  case,  for  not  only  the  general  direction  of  these 
transverse  valleys  but  also  the  relation  of  the  James  valley  to  that  of 
the  Red  River,  indicates  that  the  drainage  of  the  whole  region  was 
formerly  toward  the  northeast.  The  Upper  Missouri  may  have  been 
only  one  of  several  similar  tributaries  of  the  Red  River.  Whatever 
may  eventually  be  shown  to  be  true,  we  seem  to  have  found  in  the 
glaciation  of  the  Missouri  Coteau  an  explanation  of  the  surprising 
course  of  the  Missouri  River,  which  we  noticed  at  the  outset. 
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A     STUDY    OF     ONE     POINT   IN   THE    AROHiEAN-rALiEOZOIO    CONTACT 

LINE  IN  SOUTH-EASTERN  Pennsylvania.  By  Peksifor  Frazer. 
Docteures-SciencesNatu relies  (University  de  France),  Phila- 
delphia, Pa. 

[ABSTRACT.] 

The  crystalline  rocks  in  and  near  Philadelphia  were  classified 
by  Rogers  into  three  belts  of  which  he  thought  that  two,  the 
northerly  and  the  southerly,  might  be  the  same ;  and  the  middle, 
above  them.  He  never  doubted  that  the  Chester  Valley  limestone 
was  far  above  all  these  gneisses  and  mica  schists,  and  the  hydro- 
mica-schists  which  formed  his  Upper  Primal  series. 

Since  then  disputes  having  arisen  in  various  parts  of  the  world 
as  to  the  stratigraphical  relationships  of  certain  belts  of  crystalline 
rocks  near  the  contact  line  of  palaeozoic  and  archsean,  Philadelphia 
was  not  wanting  in  defenders  of  the  theory  that  the  schists 
and  gneisses,  forming  its  foundations,  were  laid  down  on  the  lime- 
stone known  formerly  as  No.  2,  or  the  Auroral,  which  is  universally 
ascribed  to  the  Lower  Silurian  Age. 

These  suppositions  have  often  been  vaguely  heard  as  corollaries      -    ^ 
to  the   statements   of  orders  of   superposition  in   other   parts   of 
the  United  States,  and  of  the  world  ;  but  have  been  presented  tan- 
gibly, so  far  as  the  writer  knows,  by  Mr.  Charles  E.  Hall,  in  one  pub- 
lication only,  viz.,  "Cg"  of  the  volumes  of  the  2nd  Geological  Survey 

*  ■ 

of  Pennsylvania.     Without  at  this  time   sketching  the  full  data 
or  bearings  of  Mr.  Hall's  views  it  may  be  said  that  he  deemed  the 
proof  of  his  theory  of  structure  to  be  more  fully  illustrated    at 
that  portion  of  the  course  of  the  Schuylkill  near   Conshohocken 
than  at  any  other  point.     This,  as  he  remarked,  was  the  key  to   "  -^ 
the  whole  structure  of  the  southern  Chester  Valley  ;  and  this  implied 
that  if  the  superposition  of  the  limestone  could  be  clearly  shown 
here,  there  was  no  other  place  where  it  would  present  equally  serious    -w  .^^ 
difficulties.     The  reason  of  this  is  plain.     This  region  exhibits  a 
sharp  folded  outcrop ;  so  sharp  indeed  that  it  would  seem  that  but      J,^ 
one  hypothesis  of  structure  could  successfully  account  for  the  four 
alternations  of  schist  and  limestone  on  a  short  section  line.  -  "7j^ 

Mr.  Charles  E.  Hall's  views  of  this  structure  as  published  in 
the  just  cited  volume  C^  of   the  Second  Geological  Survey   of      *"* 
Pennsylvania,  are  found  on  p.  82  ;  where  also  a  small  section  from        j 
Henderson's  Station  to  Mechanicsville  gives  graphic  form  to  his      /- 
hj'pothesis.  ;•"•••* 
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This  led  the  writer  to  put  together,  into  the  form  of  an  ideal 
section,  some  notes  that  had  been  made  several  years  previously, 
but  never  plotted  ;  and  to  add  this  to  a  pamphlet  on  ''the  horizon  of 
the  South  Valley  Hill  rocks."  It  appears  there,  that  the  portions  of 
the  measures  which  Mr.  Hall  had  made  anticlinal,  seemed  to  con- 
struct themselves  on  the  writer's  section  as  synclinal  and  vice  versa. 
This  result  was  so  unexpected  that  a  later  study  was  made  of  the 
same  region,  and  from  entirely  independent  data.  The  result  of 
this  coincides  in  all  essential  particulars  with  the  structure  as  in- 
dicated in  the  section  just  spoken  of,  and  is  therefore  a  corrobora- 
tion of  it.     See  accompanying  Section  A — B. 

The  new  section  begins  at  South  Bridgeport  with  a  dip  in  Pots- 
dam sandstone  of  rfc  S.  E.  :±:  10°  and  following  closely  in  a 
southeasterly  direction,  a  limestone  dips  unconformably  against  it. 
For  an  interval  of  a  mile  no  exposures  were  observed  ;  after  which 
a  series  of  gentle  rolls  in  the  limestone  are  noticed,  affecting  a 
thickness  of  at  least  600  ft.,  to  a  point  about  midway  between  Gulf 
Mills  and  Henderson's  Station,  where  there  is  a  sudden  descent  of 
the  limestone  in  an  almost  vertical  direction,  followed  by  a  rise  and 
a  series  of  complex  compressed  folds  which  would  not  be  apparent 
from  stratigraphical,  but  which  are  made  evident  from  lithological 
evidence.  There  appear  to  be  three  and  a  half  anticlinals 
involved  in  the  production  of  this  structure  up  to  the  point  where, 
in  West  Conshohocken,  a  trap  dyke  seems  to  mark  the  line  of  a 
fault  and  slip  of  unknown'depth.  The  latter,  however,  is  probably 
not  very  profound  since  a  shorter  and  more  plicated  structure 
appears  to  the  northeast  between  the  line  of  this  trap  and  the 
clays  which  mark  the  decomposed  crystalline  rocks  on  the  north- 
west slope  of  the  Laurentian  "Buck  Ridge." 

The  phenomena  thus  seem  to  suggest : 

(1)  An  unconformable  contact  of  limestone  on  the  Potsdam 
and  not  a  conformable  contact  as  suggested  by  Mr.  Hall  in  his 
section  on  p.  32  of  C^. 

(2)  A  series  of  gentle  folds.^  Mr.  Hall,  on  the  contrary,  in 
the  section  above  alluded  to,  suggests  a  monoclinal  of  limestone 
followed  by  a  series  of  Trenton  slates  and  dipping  southeast. 

(3)  A  tightly  folded  series  of  anticlinals  of  hydro-mica  schist 
(not  a  simple  sj'nclinal  as  represented  in  Mr.  Hall's  section)  over- 

1  The  writer  his  Buggestei  two  synclinals  with  the  crest  of  an  anticlinal  separating 
them;  but  further  and  TuUer  development  may  modify  this  in  unimportant  particulars. 
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lain  from  place  to  place,  wherever  the  crystalline  rocks  sank  below 
the  present  level,  by  equally  compressed  synclinals  of  limestone. 

(4)  There  is  a  break  at  the  trap  dyke  of  West  Conshohocken, 
disturbing  the  measures,  to  an  extent  not  entirely  known.  Finally 
there  follows  a  series  of  tightly  folded  plications,  in  which  the 
hydro-mica-schist  seems,  as  a  mass,  to  be  always  below  the  lime- 
stone: and  finally  the  unconformable  contact  with  the  clays  of 
the  Buck  Ridge. 

The  conclusion  that  the  writer  draws  from  this  small  area  is  also 
strictly  conformable  to  the  conclusions  he  has  drawn  from  his 
study  of  the  contact  line  of  limestone  and  schist  from  Tredyffrin 
townships  to  Quarryville,  and  in  fact  along  the  entire  border  line 
of  schist  and  limestone  in  Chester,  Lancaster,  York,  Cumberland 
and  Franklin  Counties,  Pennsylvania. 

So  far  as  the  Chester  Valley  is  concerned  it  adds  additional 
ground  for  believing  the  theory  established  by  the  writer  in  his 
Thesis  presented  to  the  University  of  France  in  1882  ;  i.e.,  that 
the  Chester  Valley  represents  the  northern  half  of  a  synclinal  of 
which  the  southern  half  has  been  cut  off  and  thrown  up  on  the 
south,  bringing  the  pre-Cambrian  schists  in  contact  with  the  lime- 
stone. 


Identification  op  the  Gkeen  Mountain  gneisses  in  eastern 
New  England.  By  Prof.  C.  H.  Hitchcock,  Dartmouth 
College,  Hanover,  N.  H. 

[ABSTRACT.] 

The  subject  was  illustrated  by  a  large  diagram  not  reproduced 
in  this  volume,  which  delineates  in  detail  the  positions  of  the 
various  crystalline  groups  upon  thirteen  parallel  lines  between 
Massachusetts  and  Canada,  extending  usually  from  Maine  to  New 
York  across  the  two  states  of  Vermont  and  New  Hampshire. 

1.  The  typical  area  of  the  Green  Mountain  gneiss  is  that  of 
the  main  range  of  the  elevated  district.  The  rock  is  visible  upon 
every  one  of  the  sections,  and  appears  to  exhibit  an  anticlinal 
structure.  The  first  suggestion  of  this  structure  was  provisionally 
made  by  C.  B.  Adams  in  1846,  substantiated  in  the  final  report 
of  Vermont  1861,  and  finally  admitted  by  J.  D.  Dana  in  1882  for 
the  southern  part  of  the  state. 

2.  This  gneiss  is  identified  in  southern  Vermont,  New  Hamp- 
shire and  Massachusetts  by  its  repetition  in  anticlinal  folds.      As 
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it  reappears  it  possesses  essentially  the  same  lithological  charac- 
ters ;  but  a  similarity  is  not  regarded  as  identification  unless  in- 
dicated by  exact  mineralogical  features.  We  oppose  the  doctrine 
that  a  gneiss  may  be  replaced  by  a  synchronous  mica  schist,  syenite, 
hornblende  schist,  or  any  other  unlike  rock. 

3.  The  following  are  the  areas  supposed  to  be  identical  with 
the  Green  Mountain  gneiss:  (1)  between  Halifax  and  Hartland, 
Vt,,  (2)  between  Winchester  and  Milan,  N.  H.,  running  nearly  the 
whole  length  of  the  state,  (3)  in  the  Contocook  valley  and  to  the 
north  in  Warner,  (4)  between  Jaffrey  and  Weare,  N.  H.,  (5)  be- 
tween Temple  and  Hopkinton,  N.  H.,  (6)  the  very  important  area 
occupying  the  basin  of  Lake  Winnipiseogee,  which  may  be  a  repe- 
tition of  (3)  to  ^5),  (7)  a  highly  crystalline  range  from  the  Mas- 
sachusetts line  at  Mason  to  Barrington.  This  is  the  northward 
continuation  of  part  of  the  Worcester  Co.  gneiss  in  Massachusetts. 
(8)  from  Nashua  to  Fremont,  N.  H.  This  is  the  Chelmsford  and 
Bolton  range  of  Massachusetts. 

4.  It  is  supposed  that  this  gneiss  is  of  Laurentian  age.  Our 
division  of  that  system  is  threefold  :  first,  at  the  base,  the  various 
areas  of  porphyritic  gneiss,  supposed  to  be  allied  to  the  Ottawa, 
Laurentian  of  Logan  ;  second,  our  Green  Mountain  gneisses  as  de- 
tailed above ;  third,  the  Montalban  or  Upper  Laurentian.  As 
shown  in  my  New  Hampshire  Report  the  Montalban  underlies 
the  Huronian. 


The  horizons  of  petroleum  and  inflammable  gas  in  Ohio.    By 
Prof.  Edward  Orton,  Columbus,  Ohio. 

[ABSTRACT.] 

Petroleum  and  carburetted  h3'drogen  gas  are  widely  distributed 
in  stratified  rocks.  All  rocks  of  the  Ohio  scale  are  likely  to  show  the 
presence  of  one  or  both,  when  penetrated  under  deep  cover.  The 
supplies  of  economic  value  have  thus  far  been  found  in  Devonian, 
Sub-Carboniferous  and  Carboniferous  series  of  the  state.  The  Dev- 
onian rocks  yield  a  small  amount  of  low-pressure  gas.  The  coal 
measures  yield  small  quantities,  at  several  horizons,  of  both  gas 
and  oil,  but  the  main  supplies  in  Ohio  are  derived  from  the  Sub- 
Carboniferous  series.  The  boundaries  of  this  series  are  still  in 
dispute,  but  the  general  order  of  its  elements  is  well  settled.  Two 
of  these  elements,  and  two  only,  have  interest  as  repositories  of 
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petroleum  and  gas,  viz.,  the  Logan  Group  and  the  Berea  Grit,  the 
former  having  a  thickness  of  150  to  200  feet  and  the  latter  rang- 
ing from  5  to  50  feet. 

In  situation  and  general  geological  relations,  both  of  these 
strata  conform  to  the  requirements  of  '^oil  sands"  as  now  under- 
stood. An  ^^oil  sand"  is  a  sandstone  or  conglomerate  immersed 
in  shale. 

The  Berea  Grit  has  beneath  it  the  great  series  of  shales,  viz.,  the 
Bedford-Cleveland-Erie-Huron  Shales  which  stretch  below  in 
inseparable  beds  for  1800  feet,  at  least  in  the  centre  of  the  coal 
basin.  It  is  covered  by  the  Berea  Shale  20-50  feet  thick  and  the 
Cuyahoga  Shale,  250  to  500  feet  thick.  This  same  stratum,  the 
Cuyahoga  Shale,  makes  the  floor  of  the  Logan  Group.  The  Logan 
Group  is  largely  conglomeritic,  and  what  is  thtis  designated  often 
overpasses  the  sub-carboniferous  boundary,  no  doubt,  taking  in  the 
Sharon  conglomerate  as  well.  The  roof  shales  are  accordingly  of 
different  series  in  different  instances.  The  upper  group  is  the  main 
salt  horizon  of  Ohio,  the  wells  of  the  Muskingum,  the  Hocking 
and  Ohio  Valleys  all  being  derived  from  this  source.  The  Berea 
Grit  is  the  main  source  of  high  pressure  gas  and  of  what  oil,  Ohio 
now  yields.     It  also  supplies  brine  to  the  Tuscarawas  salt  works. 

Recent  records  obtained  from  the  very  numerous  drillings  that 
are  going  down  in  many  sections  of  the  state  show  conclusively 
that  the  Berea  Grit,  often  reduced  to  5  or  10  ft.  in  thickness,  is 
the  source  of  these  tremendous  flows  of  gas  that  light  up  the 
country  for  miles,  etc. 


The  correlation  of  the   lower  coal  measures   of  Ohio  and 

EASTERN   Kentucky.     B3'  Prof.  Edward  Orton,  Columbus, 

Ohio. 

[abstract.] 

A  remarkable  symmetry  has  been  seen  to  characterize  the 
northern  portion  of  the  great  Appalachian  coal  field  by  all  who 
have  sludied  it.  The  more  full  and  accurate  our  knowledge  be- 
comes, the  more  clearly  is  it  seen  that  the  system  grew  in  a 
very  orderly  manner.  A  number  of  the  main  coal  seams,  for 
example,  can  be  traced  by  bodily  continuations  for  scores  and 
even  hundreds  of  miles  along  the  ancient  margins  of  the  seas  by 
which  they  grew.  The  character  of  the  coal  may  change  and  the 
seam  may  show  by  its  expansions  and  contractions  the  varying 
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changes  of  fortune  it  underwent,  but  the  swamp  holds  on  with  un- 
mistakable identity. 

The  composition  of  the  coal  measures  has  been  worked  out 
much  more  fully  and  minutely  in  Western  Pennsylvania  than  else- 
where and  a  general  order  has  been  established  that  must  be  con- 
sidered final.  The  Lower  Coal  measures  are  found  to  contain  a 
dozen  seams  all  of  which  have  minable  thickness  in  some  poition 
of  their  extent. 

These  seams  can  be  followed  into  Ohio  and  across  Ohio.  Three 
principal  subdivisions  in  particular  are  conspicuous  and  easily 
traced,  viz.,  the  Mercer  Group,  the  Kittanning  Group  and-.the 
Freeport  Group  of  coals  and  associated  elements. 

It  is  evident  that  the  coal  field  of  Eastern  Kentucky  is  part  and 
parcel  of  the  same  field  that  we  follow  from  Pennsylvania  across 
Ohio,  and  yet  there  has  been  as  little  recognized  community  of 
structure,  aside  from  one  or  two  elements,  as  if  the  fields  had 
grown  with  separate  histories. 

But  the  moment  that  the  sections  are  followed  across  the  valley, 
the  identity  comes  to  light.  Prof.  A.  R.  Crandall  is  our  authority 
for  Eastern  Kentucky.  Uniting  with  him  in  an  examination  of  type 
sections  in  both  fields,  it  becomes  obvious  that  one  set  of  names 
will  suflice  for  all  the  elements.  Some  drop  out  temporarily  but 
the  sections  are  maintained. 


The  salt  well  at  Humboldt,  Minnesota.    By  Prof.  N.  H.  Win- 
OHELL,  Minneapolis,  Minn. 

[abstract.] 
The  author  gave  a  description  of  the  section  of  the  rocks  passed 
through  by  the  drill,  which  penetrates  to  the  depth  of  592  feet. 
The  salt  water  rises  from  the  bottom  of  the  drift  sheet,  as  well  as 
from  below  a  limestone  291  feet  thick.  It  was  thought  to  be  from 
a  great  basin  of  brine  which  underlies  the  drift  sheet,  which  con- 
sists wholly  or  nearly  so  of  impervious  clay,  and  hence  permeates 
any  rock-horizon  which  happens  to  compose  the  immediate  surface 
throughout  a  wide  extent  of  territory,  reaching  from  the  valley  of 
the  Saskatchewan  southward  into  Dakota  and  Minnesota.  The 
strength  of  the  brine  was  stated  to  be  about  one-third  that  of  the 
Syracuse  wells. 
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Although  formerly  the  brines  of  the  northwest  have  been  re- 
ferred to  the  Cretaceous  and  to  the  Devonian  rocks,  the  author 
thinks  there  is  evidence  of  the  existence  of  Carboniferous  rocks 
in  the  country  southwest  of  the  Saskatchewan,  parallel  to  those 
that  bear  brine  in  the  state  of  Michigan,  and  that  it  is  very  prob- 
able that  this  brine  may  become  as  valuable  to  the  northwest  as 
the  brines  of  the  Carboniferous  have  to  the  state  of  Michigan. 


A   REVIEW   OF   THE   6EOLOGT   OF   DELAWARE.      RESULTS  OF   A    SUR- 
VEY  NOW   IN   PROGRESS.        By   FREDERICK    D.    CHESTER,    Prof. 

of  Geology,  Delaware  State  College,  Newark,  Delaware. 

Iabstract.] 

Reference  is  made  to  the  early  report  of  Professor  James  C. 
Booth  (1841)  and  its  deficiencies  briefly  discussed.  The  forma- 
tions represented  within  the  state  are  Metamorphic  and  Eruptive 
rocks  of  doubtful  age,  Cretaceous,  Tertiary  and  Quartenary.  An 
eruptive  mass,  a  continuation  of  the  syenitic  areas  of  southeast- 
ern Pennsylvania,  covers  a  club-shaped  area  lying  just  north  of 
the  P.  W.  <&  B.  R.  R.,  and  consists  of  syenitic  gneisses  with  asso- 
ciated Gabbros  and  Hyperites.  The  dip  of  these  rocks  is  to  the 
northwest,  upon  the  flanks  of  which  rest  a  series  of  micaceous 
gneisses  and  schists  with  which  are  associated  seams  of  hornblende 
schist,  vitreous  quartz  and  dikes  of  orthoclastic  granite.  The  mica 
schists  and  gneisses  overlie  a  coarse  magnesian  marble,  which  itself 
is  underlaid  by  a  quartzitic  rock  of  possibly  Potsdam  age.  The 
probable  order  of  the  crystalline  rocks  becomes  then  —  Quartzite, 
Magnesian  Marble,  and  Mica  Schists.  The  question  of  the  Palaeo- 
zoic age  of  the  mica  schists  is  here  briefly  discussed. 

Lying  upon  the  upturned  edges  of  the  eruptive  rocks  are  a 
series  of  strata  of  Cretaceous  age  dipping  at  an  angle  of  26'  to 
the  southeast.  The  width  of  the  Cretaceous  belt  is  eighteen  miles. 
The  subdivisions  very  nearly  correspond  to  those  of  New  Jersey. 
They  are  Plastic  Clays,  Sand  Marl,  Lower  Marl  Bed,  Indurated 
Marl  Bed  and  Middle  Marl  Bed. 

At  Noxontown  Mill  pond  the  uppermost  layer  of  the  Middle 
Marl  Bed  is  seen  to  dip  beneath  a  ten  foot  stratum  of  blue  day  in 
which  have  been  found  fossils  of  Miocene  (  ?)  age  ;  near  the  latitude 
of  Murderkill  Creek  the  Miocene  is  succeeded  by  three  feet  of  clay 
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beneath  which  is  a  stratam  of  glass  sand.  No  fossils  have  been  found 
in  either  bed  in  sufficient  quantity  to  determine  the  question  of 
age ;  but  the  gla^s  sand  is  most  probably  the  exact  equivalent  of 
the  glass  sand  of  New  Jersey,  which  according  to  Prof.  Cook  is 
Pliocene.  The  upper  clay  is  therefore  of  later  Pliocene  age  or  early 
Quatenary.  Modern  shells  found  at  the  junction  of  this  clay  and 
the  overlying  gravels  would  render  this  highly  probable  or  even 
certain.  Overlying  nearly  all  the  preceding  formations  and  reach- 
ing 200  feet  up  the  flanks  of  the  Azoic  hills  is  a  uniform  layer  of 
gravel,  which  for  the  northern  half  of  the  state  is  identical  with  the 
red  gravel  of  the  Delaware  river  valley  and  which  to  the  south 
merges  into  a  white  estuary  sand.  The  tops  of  some  of  the  high- 
est hills  are  furthermore  capped  by  isolated  patches  of  the  an- 
cient Bryn  Mawr  gravel  of  Prof.  H.  C.  Lewis. 

The  shore  of  the  river  and  bay  is  also  edged  by  a  belt  of  black 
bog  clay  of  recent  origin. 


Post- Pliocene  or  Quatenary. 


Tertiary. 


Upper  Cretaceous. 
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(Upper  Green  Sand  and 
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The  geological  age,  character  and  origin  of  gtpsum  beds  of 
Catuga  Co.,  New  York.    By  S.  G.  Williams,  Professor  of 

Geology,  Cornell  University,  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  purpose  of  this  paper  is  to  show  by  fossil  evidence  that 
these,  the  richest  gypsam  deposits  of  N.  Y.,  belong  to  the  Lower 
Uelderberg  period  and  not  to  the  Salina ;  that  they  are  continnoas 
beds  and  not  isolated  masses,  as  elsewhere  east  and  west  of  Cayuga 
Co. ;  and  that  they  probably  owe  their  origin  to  a  transformation 
of  limestones  by  the  action  of  acidulated  water  derived  from  sul- 
phur springs. 


A   great  TRAP    DTKE   ACROSS    SOUTHEASTERN    PENNSYLVANIA.        By 

Prof.  H.  Carvill  Lewis,  Germantown,  Pa. 

[abstract.] 

In  his  Geology  of  Pennsylvania,  Prof.  H.  D.  Rogers  described 
a  narrow  trap  dyke  six  miles  in  length  which  crossed  the  Schuyl- 
kill river  at  Conshohocken,  ten  miles  northwest  of  Philadelphia. 
In  Report  C®  of  the  Second  Geological  Survey,  Mr.  C.  E.  Hall 
has  described  and  mapped  this  dyke  as  having  a  length  of  some- 
thing over  eight  miles.  In  the  present  paper  the  author  gives  the 
result  of  his  personal  observations  in  tracing  this  dyke  continu- 
ously across  southeastern  Pennsylvania,  from  the  Maryland  line 
to  within  ten  miles  of  the  Delaware  river  in  Bucks  County,  which 
dyke,  taken  together  with  some  parallel  dykes  of  similar  consti- 
tution and  age  in  Bucks  County  forms  a  series  of  nearly  continuous 
dykes,  upwards  of  ninety  miles  in  length,  and  becomes  an  impor- 
tant feature  in  the  geology  of  the  state. 

Beginning  with  a  prominent  outcrop  near  Doylestown,  the 
author  traced  the  dyke  continuously  through  Bucks,  Montgomery, 
Delaware  and  Chester  Counties,  and  proved  by  a  detailed  map 
and  description  of  its  outcrops  at  each  stream  and  road  crossing, 
that,  although  so  narrow  and  so  much  decomposed  as  to  be  visible 
generally  only  in  the  form  of  a  long  line  of  boulders,  rounded  by 
concentric  weathering,  it  nevertheless  was  practically  continuous 
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for  more  than  seventy  miles.  The  small  "jogs  *'  in  the  course  of  this 
long,  narrow  dyke,  which  occasionally  displaced  portions  of  it  for 
short  distances,  were  regarded  as  due  to  contemporaneous  faulting. 

South  of  Doylestown  the  dyke  abutted  against  the  southern 
side  of  a  great  fault  of  several  thousand  feet  upthrow  which  threw 
up  the  whole  thickness  of  the  Trias,  bringing  its  floor  of  Palseozoic 
strata  to  the  surface.  For  a  distance  of  nearly  twenty  miles, 
this  important  fault  had  been  followed  and  mapped  by  the  author 
who  had  found  the  line  to  be  marked  by  a  peculiar  "•  fault  rock," 
composed  of  broken  fragments  covered  by  "  slickensides."  The 
strata  on  one  side  of  the  fault  often  dipped  at  right  angles  to  those 
on  the  other  side.  Along  trap  dyke  of  precisely  similar  composition, 
as  shown  by  microscopic  examination,  abutted  against  the  north- 
ern side  of  the  great  fault  at  a  distance  laterally  of  five  miles 
from  the  end  of  the  long  dyke  just  described,  and  the  question 
was  discussed  whether  or  not  it  could  be  considered  as  tlie  same 
dyke,  laterally  displaced,  or  whether  the  eruption  of  trap  and  the 
faulting  were  contemporaneous. 

The  trap  dyke  was  shown  by  both  chemical  and  microscopical 
examination  to  be  of  identical  composition  throughout  the  whole  of 
its  course,  being  a  typical  Triassic  diabase  (dolerite)  composed  of 
lath-shaped  plagiocla^es  enclosing  augite  and  magnetite.  It  is 
distinct  from  other  eruptive  masses  near  it,  and  passes  succes- 
sively through  Laurentian,  Cambrian,  Silurian  and  Triassic  for- 
mations. While  marking  the  place  of  a  great  crack  in  the  earth's 
crust,  which,  running  about  northeast  and  southwest,  is  approxi- 
mately parallel  to  the  flexures  of  the  Appalachians,  there  was  no 
evidence  that  the  dyke  occupied  a  fault. 


Evidences  ok  local  glaciers  in  the  Catskill  Mountain  region. 
By  Prof.  John  C.  Smock,  State  Museum,  Albany,  N.  Y. 

[ABSTRACT.] 

1    Reperence  to  paper  on  upper  limits  of  the  continental  glacier 
in  the  Catskills. 

2.  General  trend  of  groovings  and  striations. 

3.  Material  of  the  glacial  drift  and  its  probable  sources. 

4.  Topography  of  the  region  with  reference  to  its  glaciation. 

5.  Descriptions  of  a  few  typical  moraines : 
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(a)  Schoharie  Creek  Valley  at  Red  Falls,  Greene  Co. 
(6)  Schoharie  Creek  Valley  near  Gilboa,  Schoharie  Co. 
(c)  Stony  Clove  near  Chichester,  Ulster  Co. 
{d)  East  branch  of  the  Delaware  at  Margaretville  in  Delaware 
County. 

6.  Modified  drift  of  the  valleys. 

7.  Conclusions  as  to  close  of  the  glacial  period  in  this  region. 


An  attempt  to  determine  the  amount   of  chemical    erosion 

TAKING  PLACE  IN  THE  LIMESTONE  (CaLCIFEROUS  TO  TrENTON) 
VALLEY  OF  CeNTRE  Co.,  Pa.,  AND  HENCE  APPLICABLE  TO  SIMI- 
LAR  REGIONS   THROUGHOUT    THE    APPALACHIAN     SYSTEM.        By 

Prof.  A.  L.  Erving,  State  College,  Pennsylvania. 

[abstract.] 

The  method  pursued  is  as  follows:  the  amount  of  water 
flowing  from  a  given  hydrographic  basin,  in  the  region  in  question, 
is  determined  from  the  cross  section  and  velocity  of  the  stream 
draining  it.  The  amount  of  solids  in  the  water  is  determined  by 
evaporating  specimens  of  it.  These  data  together  with  the  area 
of  the  basin  form  the  basis  of  calculation.  The  region  selected 
is  that  of  the  Spring  Creek  basin  which  forms  a  considerable  por- 
tion of  the  limestone  valley  of  Centre  Co.  The  measurements 
were  made  just  above  the  old  dam  below  Bellefonte  and  below  all 
visible  tributaries.  The  following  results  were  obtained :  width 
of  stream  22.86  metres  (75  ft.),  depth  of  stream,  average  of 
six  measurements  .823  m.  (2.7  ft.)  giving  as  the  cross  section 
18.81  m.2  (202.5  sq.  ft.). 

The  velocity  was  determined  by  floating  surface  particles  and  a 
long  bottle  weighted  so  as  to  float  at  difl*erent  depths.  An  average 
of 'Six  tests  showed  the  velocit}'  to  be  994.776  m.  per  hour. 

The  above  determinations  give  18,712  m.3  as  the  amount  of  water 
removed  per  hour.  The  water  shows  on  evaporation  (average  of 
two  tests)  155.3  grams  per  m.^  This  gives  as  the  amount  of  solids 
removed  per  hour  2,905,974  grams  or  25,456,560  kilos  per  annum. 

The  area  of  the  region  in  question  is  100  sq.  miles  hence  254,566 
kilos  is  the  amount  of  solids  removed  per  annum  per  sq.  mile, 
approximately  281  tons. 


GEOLOGY  AND  GEOGRAPHY.  405 

A  portion  of  the  water  of  Spring  Creelc,  however,  falls  upon 
the  bordering  mountains,  probably  one-fourth  of  the  whole.  This 
water  shows  on  evaporation  16.5  grams  per  m.3  or  about  one- tenth 
of  the  amount  in  Spring  Creek  water,  hence  probably  one-fortieth 
of  the  solids  in  Spring  Creek  comes  from  the  mountains.  Making 
this  deduction  we  have,  as  the  amount  per  sq.  mile  per  annum, 
190,926  kilos  or  275  tons. 

Assuming  the  sp.  gr.  of  the  solids  to  be  2.8  we  have  as  the 
mass  removed  per  sq.  mile  per  annum,  91.3  m.3  This  spread  over 
the  surface  of  one  sq.  mile  would  form  a  coating  ^^^jy^  m.  in  thick- 
ness, hence  it  would  take  29,173  years  to  lower  the  valley  one  m. 
by  chemical  erosion,  or  about  9000  years  to  remove  1  ft.  from  the 
entire  surface. 


Notice  of  an  important  work  on  the  origin  op  the  crystalline 
SCHISTS,  BY  Dr.  J.  Lehmann,  Professor  of  Geology  at 
Breslau,  illustrated  by  an  atlas  op  28  photographic 
plates.  4°,  Bonn,  1884.1  By  Geo.  H.  Williams,  Johns 
Hopkins  University,  Baltimore,  Md. 

[ABSTRACT.] 

The  author  gives  very  important  conclusions  relating  to  the 
origin  of  certain  crystalline  schistose  rocks  based  upon  nine  years 
continuous  study  of  the  Saxon  granulite  area  and  other  similar 
regions  in  central  Europe.  Naumann  regarded  the  granulite  as  an 
eruptive  rock  which  had  metamorphosed  surrounding  sediments  by 
contact.  The  more  recent  Saxon  geologists  regard  it  as  a  meta- 
morphosed sediment  on  account  of  its  distinct  bedding.  Lehmann 
returns  to  Naumaun's  idea  of  its  eruptive  nature,  adding  that  its 
present  form,  as  well  as  that  of  the  surrounding  schist,  was  pro- 
duced by  the  forces  which  elevated  the  mountains  of  that  district. 
The  key  note  of  the  whole  work  is  the  effects  of  the  orographic  forces 
in  metamorphosing  rock  masses.  These  effect  changes  in  the  min- 
eralogical  constitution  and  in  the  structnre.  The  former  is  accom- 
plished by  the  development  of  new  minerals,  similar  to  those 
produced  in  the  well-known  metamorphism  of  contact  zones  near 

1  UDtersuchnngen  Uber  die  Entstehungder  altkryBtallinischen  Schiefergeetelne  mit 
boBonderer  Bezugnahme  auf  das  SSchsiache  Graniilitgebirge,  Erzgebirge,  Fichtelge- 
birge  und  Bairisch-bShnische  Grenzgebirge,  yon  Dr.  J.  Lehmann. 
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produce  a  schistose  or  banded  structure  in  eruptive  masses.  Leh- 
mann  does  not  allow  a  true  viscosity,  but  a  plasticity,  like  that  of 
wet  clay,  due  to  a  sliding  of  the  smallest  particles  upon  each  other. 
(Cap.  XVI.)  The  observations  made  upon  this  fine  crushing  and 
consequent  movement,  producing  "pseudo-eruptive"  structure,  are 
very  interesting. 

Another  point  of  much  importance  relates  to  the  formation  and 
subsequent  metamorphism  of  rocks  neither  altogether  eruptive  nor 
sedimentary.  Such  are  produced  by  the  cementation  of  schist 
breccia  fragments  by  eruptive  matter  or  the  impregnation  of  more 
or  less  fissured  and  contorted  schists  by  molten  magma.  In  this 
manner  the  curious  structure  of  the  Phyllite  gneiss  of  Bavaria 
(Cap,  VII),  as  well  as  of  the  gneiss  mica  schists,  biotite  gneiss 
and  cordierite  gneiss  of  the  granulite  area  (Cap.  X  and  XI)  are 
explained.  The  more  or  less  complete  assimilation  of  schist 
fragments  may  materially  alter  the  character  of  an  eruptive  rock. 
An  apparent  bedding  may  even  be  produced  by  regularly  arranged 
schist  inclusions. 

The  granites,  which  are  regarded  as  having  been  intruded  into 
the  granulite  area  after  its  fissuring  and  elevation  were  complete, 
are  treated  at  considerable  length.  Some  coarse  pegmatitic  veins 
are  thought  to  be  of  eruptive  origin,  others  to  have  been  formed  by 
granitic  secretions  emitted  from  the  magma  at  the  time  of  its  cool- 
ing. This  granitic  material  has  impregnated  many  schists  about 
the  esterior  of  the  area. 

The  atlas  of  photographic  illustrations,  159  in  number,  is  so 
good  as  almost  to  supply  the  place  of  the  original  specimens,  stud- 
ied and  described.  They  are  executed  with  the  greatest  pains  and 
in  the  best  style  and  cannot  be  spoken  of  with  too  high  praise. 


On  a  section  of  the  strata  of  the  cretaceous  and  tertiary 

FORMATIONS    OF    ALABAMA.         By    Prof.    EUGENE    A.     SmITH, 

University  of  Alabama,  Tuscaloosa,  Ala.,  and  Lawrence  C. 
Johnson,  Washington,  D.  C. 

[ABSTRACT.] 

In  this  paper  it  was  shown  that  500  feet  of  strata  lie  beneath  the 
lowest  of  the  Cretaceous  beds  heretofore  described  :  the  geological 
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positions  of  the  phospliatic  deposits  were  pointed  out.  The  rela- 
tion between  the  Claiborne  and  some  underlying  beds  were  pointed 
out,  and  the  nature  and  thickness  of  the  beds  which  underlie  the 
Buhrstone  of  Prof.  Tnomey  were  made  known. 


MCSICAL    SAND,    ITS    WIDE     DISTRIBUTION    AND     PROPERTIES.        Bj 

Prof.  H.  Carrington  Bolton,  Trinity  College,  Hartford, 
Conn.,  and  Dr.  Alexis  A.  Julien,  Columbia  College,  New 
York. 

[ABSTRACT.] 

At  the  Minneapolis  meeting  of  this  Association  we  gave  some 
account  of  the  so-called  '^singing  beach"  at  Manchester-by-the- 
Sea,  Mass.,  and  of  the  occurrence  of  sonorous  sand  at  Eigg  and 
other  foreign  localities.  During  the  twelve  months  which  have 
elapsed  since  our  joint  paper  we  have  not  ceased  to  pursue  our  in- 
vestigations, and  although  these  are  by  no  means  completed  we 
here  present  a  summary  of  the  more  important  results. 

By  means  of  extensive  correspondence  we  have  established  the 
fact  that  sonorous  sand  instead  of  being  a  rarity  is  of  very  common 
occurrence  and  widely  distributed.  Through  the  courtesy  of  Mr. 
Sumner  I.  Kimball,  General  Superintendent  of  the  U.  S.  Life  Sav- 
ing Service,  circulars  were  sent  to  all  the  keepers'  of  life-saving 
stations  throughout  the  United  States,  making  inquiries  as  to  the 
occurrence  of  sonorous  sand,  and  soliciting  samples.  Replies 
have  been  received  from  about  85  keepers,  65  of  whom  report 
affirmatively  in  letters  of  much  interest.  It  is  of  course  impos- 
sible to  enumerate  them  in  this  abstract,  much  less  quote  them. 
One  of  us  also  has  personally  visited  localities  at  Narragansett 
Pier ;  near  Norfolk,  Va. ;  on  Lake  Champlain,  near  Plattsburg,  and 
both  of  us  have  studied  the  properties  of  the  sand  at  Far  Rock- 
away,  Long  Island.  We  have  therefore  (to  date),  a  list  of  74 
localities  in  America  distributed  as  follows : 

Maine,  3.  Virginia,  6. 

Massachusetts,  4.  North  Carolina,  16. 

New  Hampshire,  1.  South  Carolina,  1. 

Rhode  Island,  4.  Michigan,  7. 

New  York,  12.  Wisconsin,  2. 

New  Jersey,  17.  Nevada,  1. 
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The  number  is  constantly  increasing  as  the  reports  from  keepers 
of  life-saving  stations  arrive. 

To  Professor  S.  F.  Baird  we  are  under  obligations  for  valuable 
aid  in  obtaining  information  and  samples  from  foreign  localities. 
Through  the  Smithsonian  Institution  we  have  secured  specimens 
of  sonorous  sand  from  the  Island  of  Bornholm,  Denmark ;  Col- 
berg,  Prussia ;  and  Kauai,  Hawaii  Islands.  Our  list  of  foreign 
localities  now  numbers  18,  thus  making  a  total  of  92.  More- 
over we  have  collected  through  the  agencies  named  and  through 
private  hands,  over  320  samples  of  sonorous  and  non-sonorous 
sand,  the  microscopical  study  of  which  has  occupied  one  of  us  for 
many  weeks  and  the  results  of  which  will  form  a  special  paper  to 
be  presented  in  connection  with  this  one. 

In  July  and  in  August  of  this  year,  experiments  have  been  con- 
.  ducted  both  at  Manchester-by-the-Sea  and  at  Far  Rockaway  to  de- 
termine accurately  the  properties  of  the  sonorous  sand  with  the 
object  of  explaining  the  cause  of  its  singular  characteristics.  The 
results  of  these  experiments  are  in  part  as  follows. 

The  loudest  sound  of  which  a  given  sand  is  capable  is  most  con- 
veniently produced  by  confining  a  quart  or  more  in  a  bag  and 
strongly  striking  together  the  contents.  Sounds  thus  produced 
were  heard  distinctly  at  both  the  Manchester  and  Rockaway 
beaches  at  a  distance  of  150  to  200  feet,  the  distance  varying  ac- 
cording to  the  strength  and  direction  of  the  wind  and  the  interfer- 
ence of  the  surf  noise.  At  Rockawa}'  a  careful  experiment  was 
made  in  fields  removed  from  the  beach.  The  sound  produced  by 
striking  the  bag  was  heard  at  a  distance  of  450  feet  measured 
carefully  by  a  tape  line.  The  sound  has  a  hoot-like  quality  easily 
recognized.  The  experiment  was  made  by  four  persons,  in  two 
pairs,  each  of  which  had  bags  of  sand ;  moreover  the  experiment 
was  made  just  at  dark  so  the  operators  could  not  be  seen  by  the 
hearers.  A  light  breeze  favored  those  who  heard  the  sound  at 
450  feet ;  the  sound  was  however  heard  400  feet  against  the  wind. 

[The  character  and  intensity  of  the  sounds  obtained  by  friction 
were  experimentally  shown  to  the  audience.] 

The  character  of  the  sounds  obtained  by  friction  on  the  beach  is 
decidedly  musical  and  we  have  been  able  to  indicate  the  exact 
notes  on  a  musical  staff.  The  shrillness  and  lowness  of  note  de- 
pend chiefly  on  the  quantity  of  sand  disturbed ;  by  plunging  both 


410 


BBCTION  E. 


hands  into  the  sand  and  bringing  them  together  quickly  with  a 
swoop  a  large  quantity  of  the  sand  vibrates  and  we  hear  a  tone  of 
which  the  dominant  note  is 


B3'  stroking  the  sand  nearer  the  surface  and  witli  less  force  very 
high  notes  are  heard  somewhat  confused.  The  following  were 
heard  at  different  times. 


By  rubbing  firmly  and  briskly  a  double  handful  of  the  sand  sev- 
eral notes  on  a  rising  scale  are  heard,  the  notes  rising  as  the  quan- 
tity of  sand  between  the  hands  diminishes.  We  do  not  hear  each 
note  of  the  scale  separately,  but  the  ear  receives  an  impression 
something  like  that  formed  by  sliding  a  finger  up  a  violin  string  at 
the  same  time  that  the  bow  is  drawn. 


The  range  is  very  remarkable  and  decided. 
These  results  were  obtained   at  Manchester ;   the    Rockaway 
beach  gave  somewhat  different  tones ;  the  B  below  the  ledger  line 
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WAS  not  heard  at  all,  but  Idie  following  notes  were  heard  at  differ- 
ent times  according:  to  the  manner  of  the  friction. 


J 


In  both  cases  the  notes  were  determined  by  comparison  with 
those  made  on  a  violin  at  concert  pitch. 

The  evanescent  character  of  the  acoustic  quality  of  the  sand  is 
very  marked.  Sand  which  has  been  recently  wet  requires  thorough 
drying  and  insolation  (?)  before  it  again  resumes  its  acoustic 
power.  Consequently  sandy  beaclies  do  not  alwa3's  possess  the 
sonorous  power  in  equal  measure,  and  the  seeker  sometimes  fails 
to  discover  musical  sand  in  the  locality  reported.  Meteorological 
conditions,  tlie  dr3'ne8s  or  moisture  of  the  atmosphere  decidedly 
affect  the  sonorousness. 

Musical  sand  is  easily  deprived  of  its  acoustic  properties  in 
several  waj's.  Wetting  it  is  effectual  of  course,  but  long  con- 
tinued friction  between  the  dry  hands  also  accomplishes  the  re- 
sult. The  quickest  way  of  "killing"  the  sand  (except  by  water) 
is  to  shake  a  small  quantity  in  a  glass  bottle,  or  better  in  a  tin 
box.  When  first  agitated  in  a  tin  box  a  peculiar  sound  is  heard 
which  entirely  ceases  after  20  to  25  slow  up  and  down  movements 
of  the  box. 

Under  what  circumstances  and  for  how  long  a  period  of  time 
sonorous  sand  will  preserve  its  qualit}'  is  a  question  which  at  this 
writing  we  cannot  definitely  answer.  The  results  obtained  are 
very  conflicting,  but  we  believe  that  the  sand  preserves  its  powers 
best  when  hermetically  sealed  in  bottles.  When  collected  in  bags 
it  sometimes  loses  the  power  in  a  few  hours. 

Attempts  to  restore  to  "killed"  sand  (that  is  sand  rendered 
mute  by  any  of  the  above  named  methods)  its  sonorous  properties 
have  met  with  indifferent  success ;  experiments  are  in  progress  to 
accomplish  this  object. 

Experiments  made  on  the  beach  at  Far  Rockaway  with  a  gold 
leaf  electroscope  gave  no  evidence  that  electricity  is  concerned  in 
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the  acoustic  phenomenon.  The  instrument  was  proved  to  be  sen- 
sitive but  behaved  alike  with  both  sonorous  and  mute  sand.  For 
the  use  of  this  instrument  we  are  under  obligations  to  Dr.  Arthur 
H.  Elliott,  who  also  aided  in  the  experiments. 

Sonorous  and  mute  sand  occur  on  the  beach  closely  adjoining 
but  they  cannot  be  distinguished  by  the  eye  ;  friction  alone  deter- 
mines the  difference.  In  sand  of  strongly  marked  acoustic  proper- 
ties a  tingling  sensation  is  perceived  in  the  fingers  and  also  in  the 
toes  even  through  boots. 

Careful  search  in  literature  shows  that  allusions  to  sonorous 
sand  are  scattered  sparingly  through  writings  of  a  thousand  years. 
An  obscure  allusion  to  the  phenomenon  occurs  in  one  of  the 
singular  tales  forming  the  collection  known  as  the  Arabian  Nights 
Entertainments.  Old  Chinese  chronicles  mention  sonorous  sand 
occurring  in  the  desert  of  Lob-Nor,  Marco  Polo  narrates  super- 
stitions concerning  it,  the  Emperor  Baber  refers  to  a  locality  in 
Afghanistan,  and  many  travellers  in  the  East  describe  hills  of 
moving  sand  whence  issue  mysterious  noises.  The  famous  Jebel 
Nakous  briefly  named  in  our  previous  paper  situated  on  the  east 
of  the  Gulf  of  Suez  has  been  visited  by  at  least  six  European  and 
American  travellers.  By  comparing  their  several  descriptions  we 
have  discovered  that  they  describe  not  one  locality,  but  two,  or 
possibly  three,  in  the  same  region.  Photographs  of  two  of  these 
localities  are  herewith  exhibited,  the  first  being  taken  from  a  view 
by  Lieut.  Wellstedt,  R.  N.  and  the  second  from  a  rough  sketch  by 
Prof.  H.  A.  Ward  of  Rochester.  Details  of  the  phenomena  re- 
ported cannot  be  given  in  this  abstract :  it  suffices  to  say  that  the 
dry  sand  rests  on  a  steep  incline  and  when  agitated  slides  down 
the  slope  with  a  gradually  increasing  noise  variously  described, 
but  the  loudest  tones  of  which  are  universally  compared  to  dis- 
tant thunder. 

We  have  also  particulars  of  two  localities  in  Afghanistan  both 
known  as  Reg  Ruwan  or  Rig-i-Rawan^  and  of  a  locality  in  the 
desert  of  Sahara,  Africa,  where  similar  phenomena  occur. 

In  conclusion  we  submit  the  following  brief  chronology  of  the 
subject. 

Chronology. 

16th   Century.  Emperor  Baber  mentions  sonorous  sand. 
1808.  Dr.  Seetzen  hears  reports  of  Jebel  Nakous. 

1810.  Dr.  Seetzen  visits  Jebel  Nakous. 
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1818.  Mr.  Gray  visits  Jebel  Nakous. 

1823.  Ehreuberg  visits  Jebel  Nakous. 

1829.  Ehrenberg  publishes  his  narrative. 

1830.  Lieut.  Wellstedt  visits  Jebel  Nakous. 
1836.  Sir  Atex.  Burnes  visits  Rig-i-Rawan. 
1850. (?)  Hugh  Miller  discovers  Eigg  locality. 

1854.  Kauai  described  b}'  G.  W.  Bates. 

1855.  Prof.  H.  A.  Ward  visits  Jebel  Nakous  (?). 
1868.  Prof.  E.  H.  Palmer  visits  Jebel  Nakous. 
1870-72.  Capt.  Lovett  visits  Rig-i-Rawan. 

1875.  Dr.  James  Blake  examines  sand  from  Kauai. 

1876.  Dr.  Meyn  describes  Bornholm. 

1882.  H.  C.   Bolton   visits  Manchester,   Mass.,   and 

Eigg,  Hebrides,  and  begins  a  monograph. 


Notice  on  the  microscopical  examination  of  a  series  of  ocean, 

LAKE,  river  and    DESERT   SANDS.      By  Dr.  AlEXIS  A.  JULIEN, 

Columbia  College,  New  York,  N.  Y.,  and  Prof.  H.  Carring* 
TON  Bolton,  Trinity  College,  Hartford,  Ct. 

[abstract.] 

The  results  of  an  examination  of  over  320  samples  —  chiefly 
American  —  of  sand  from  oceanic  beaches,  lake  shores,  river 
banks,  deserts,  etc.,  are  given  in  detail.  Marked  differences  of  the 
light  grayish  color  are  found  ;  yellowish  tints  are  often  produced 
by  the  intermixture  of  fragments  of  shell  or  of  decomposing 
orthoclase  ;  a  black  color  by  concentration  of  menaccanite ;  and 
reddish  shades  by  abundance  of  garnet.  In  ordinary  sands,  such 
as  those  which  lie  above  the  high  water  mark  on  a  sea  beach,  the 
gi:ains  rarely  exceed  one  mm.  in  diameter,  but  in  those  of  deserts 
are  much  finer,  rarely  exceeding  half  of  one  mm.  In  form  there  is, 
in  general,  great  variation  and  but  little  observed  rule ;  on  rocky 
coasts,  and  in  many  river  sands,  angular  forms  prevail,  and  cal- 
careous sands  are  apt  to  be  extremely  irregular  in  shape,  as  well  as 
rather  cellular  in  structure.  In  the  constitution  of  the  sands  over 
forty  distinct  minerals  or  other  substances  were  identified,  the 
sands  of  the  Atlantic  coast  consisting  chiefly  of  the  following : 
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Quartz,  Microcline,  Hornblende, 

Chalcedonj",  Albite,  Garnet, 

Chert,  Menaccanite,  Shells  and  Corals, 

Orthoclase,  Epidote,  Many  rocks,  etc. 

The  more  common  accessories  are  the  following : 

Augite,  Beryl,  Eyanite, 

Magnetite,  Rutile,  Zircon, 

Tourmaline,  Titanite,  Anthracite, 

Fibrolite,  Muscovite,  Silicified  wood,  etc. 

The  constitution  of  the  sands  of  lakes,  rivers  and  deserts  is 
much  more  simple.  Oceanic  sands  are  by  no  means  so  rich  in 
quartz  as  generally  supposed,  the  proportion  of  feldspar  by  volume, 
for  instance,  varying  from  2  to  even  38  per  cent — that  of  menac- 
canite from  1  to  70  per  cent,  etc. 

Many  sands  are  peculiar  in  their  constitution,  sometimes  even 
unique.  Thus  the  sand  of  Nausett,  Mass.,  contains  much  quartz- 
yte ;  that  of  Nantucket,  fragments  of  the  various  rocks  of  the 
moraine  of  the  great  glacial ;  many  sands  of  the  Rhode  Island  coast 
are  rich  in  graphitic  anthracite  :  that  of  Barnegat,  in  smoky  quartz  ; 
many  sands  of  New  Jersey  abound  in  chert,  basanite,  and  some- 
times beryl ;  the  sands  of  North  Carolina,  and  of  the  island  of 
Eigg  in  the  Hebrides,  always  contain  silicified  wood  ;  those  near 
Cape  Hatteras  are  remarkable  for  their  abundance  of  shells  and 
the  siliceous  tests  of  diatoms  and  polycystines ;  those  of  Lake 
Champlain  abound  in  the  labradorite  rocks  of  the  Adirondacks ; 
some  sands  of  Hawaii  appear  unique  in  their  great  content  of  oli- 
vine ;  some  sands  of  Lake  Michigan  enclose  grains  resembling 
fluorite  ;  at  the  Great  Salt  Lake  in  Utah,  the  form  of  the  calcareous 
grains  is  largely  spherical,  etc. 

Of  the  entire  number  of  samples  examined,  about  130  possessed 
the  sonorous  property  on  friction.  Of  these  the  great  majority  were 
remarkable  for  a  certain  degree  of  uniformity  in  size — usually  about 
0.3  to  0.5  myn.  in  diameter —  general  round  form,  polished  super- 
ficies, and  freedom  from  fine  dust  or  minute  feldspar  fragments. 
Consequently  they  often  present  a  characteristic  oolitic  or  roe-like 
appearance,  light  color,  and  mobile  condition.  These  characteris- 
tics are  so  marked  and  prevalent  that  it  would  be  diflScult  to 
distinguish,  without  labels,  specimens  of  sonorous  sand  from  Mas- 
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sachusetts,  Lake  Huron,  the  Hebrides,  or  the  coasts  of  Denmark 
and  Prussia.  At  certain  localities  the  sonorous  variety  has  been 
found  to  present  the  decided  features  of  a  quicksand,  and  a  gen- 
eral connection  between  these  two  facts  is  suspected  to  prevail 
wherever  the  conformation  of  coasts  and  oceanic  currents  permit 
the  concentration  of  the  sonorous  sands  below  the  high  tide  mark. 
A  certain  number  of  sands  of  special  economic  value,  e.^.,  in  the 
sandblast,  glass  manufacture,  mortar  making,  etc.,  have  been  ex- 
amined to  determine  the  characteristics  to  which  their  value  is 
due. 

August,  1884. 


A  STUDY  OF  "EozooN  Canadense."      Filed  observations.    By 
Dr.  Alexis  A.  Julien,  Columbia  College,  New  York,  N.  Y. 

[ABSTRACT.] 

A  DESCRIPTION  was  givcii  of  the  lithological  characteristics  of  the 
rocks  enclosing  and  associated  with  *'Eozoon  Canadense  "  at  the 
following  localities.    * 

Grenville,  P.  Q.,  Canada,  and  certain  localities  of  ophicalcy te  in 
its  vicinit}'. 

Petite  Nation  (C6te  St.  Pierre),  Can.,  visited  during  the  last 
two  summers,  at  the  three  important  localities. 

South  Burgess^  near  Perth,  Ont.,  Can.,  the  locality  of  logariite, 
at  which  the  occurrence  and  associations  of  Eozoon  have  never 
yet  been  described  by  any  scientific  observer. 

Thurman^  Essex  Co.,  N.  Y.,  a  locality  of  serpen tinous  marble, 
containing  what  is  supposed  to  be  an  imperfect  form  of  Eozoon, 
but  of  which  the  petrographic  phenomena  have  never  yet  been  de- 
scribed. 

Further  facts  were  presented  from  a  new  locality  for  Eozoon,  at 
Seillant's  "  apatite  mine,"  several  miles  by  the  road  from  those 
known  at  Cote  St.  Pierre,  but  in  the  same  seignory.  The  enclos- 
ure of  pyroxene  (or  malacolite)  within  the  serpentine  was  de- 
scribed, and  a  series  of  large  specimens  illustrated  the  general 
occurrence  and  mode  of  association.  The  apatite  mines  near 
Perth  and  South  Burgess  were,  in  this  connection,  represented  by 
a  few  facts  of  interest  and  by  photographs  taken  in  the  field,  and 
specimens  were  exhibited  from  the  *'Soapstone  Hill"  near  Rideau 
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lake,  where  the  serpentine,  associated  with  pyroxene,  has  been 
re{>orte(l  to  contain  Eozoon. 

Farther  reference  was  made  to  phenomena  observed  at  an  apa- 
tite mine  near  Cote  St.  Pierre  and  at  limestone  outcrops  in  that 
vicinity,  in  the  doloroitic  beds  of  Warren,  New  York  and  West- 
cheHter  counties,  N.  Y.,  and  in  certain  limestones  of  Orange  Co., 
N.  Y.,  and  of  northern  New  Jersey. 

Spooiuiens  of  the  rocks  and  photographs  taken  in  the  field  were 
«ixhlblttHl  to  illustrate  the  observations  made  at  most  of  these  lo- 

0HUtl0tt« 


NoiK    ON    TIIK    INTIMATE   RELATIONS   OF  TBE    ChEHUNG   QROUP  "AND 
WaVKKLY     SANl>$TONE    IN   NORTHWESTERN   PENNSYLVANIA   AND 

m»i  (UWKSTERN  New  York.     By   Prof.  James  Hall,   State 
UcoK>^'.i5il  of  N,  Y.»  Albany,  N.  Y. 

[ABSTRACT.! 

'r»*c  gvuoral  ivlations  of  the  Chemung  and  Waverly  groups  are 
>oi>  NNoll  umUn^tooil  by  geologists  at  the  present  time,  but  I  am 
lu't  MWiito  that  the  absolute  limitations  of  these  groups  at  their 
)uuolK»u  Uh*  been  t\dly  shown,  either  by  their  physical  orpalason- 

i'luwto  who  have  studied  the  Chemung  group  in  its  palseontologi- 
vukl  Htj^vt  iv^aixl  the  presence  of  JSpii'ifer  disjuncta=zS,  Vemeuili, 
u:a  \\\iK\  kii»>i  itH  uppermost  fossiliferous  beds,  and  the  presence  of  this 
|\»^^il  H>  ivUsHble  evidence  of  the  age  of  the  formation.  All  the  in- 
vv'^l ivi.it iouH  in  southwestern  New  York,  made  by  the  writer,  have 
hiUioi  lo  I'iuled  to  show  the  presence  of  the  Waverly  sandstone  above 
i\\\\  rhouuiuii.  Some  of  the  conglomerates — as  that  of  Panama — 
liiis  0  isaiu^tiuios  boon  paralleled  with  the  Waverly  or  Marshall  group, 
uuvi  Uuu\'t\»ro  rojjanled  as  of  Carboniferous  age.     A  more  critical  -i 

aliul\  of  tho  fossils  of  these  conglomerates  has  proved  them  to  be 
ill*  t'homuu^  ugo,  and  their  position  in  the  upper  member  of  that 
l^ioKp. 

\\\  I'ollowlug  the  Chemung  group  in  its  exposures  from  Panama 
to  Ihu  Hiuith>Yost,  and  beyond  the  limits  of  New  York,  we  find 
thu  higlior  uuMubers  to  consist  of  a  bluish  shaly  sandstone  con- 
tuiulu^  groat  numbers  of  separated  valves  of  Spirifer  disjuncta^ 
vvhloU  hour  evidence  of  having  been  drifted  and  worn  before  em- 
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bedding.  Associated  with  these  water-worn  and  separated  valves 
of  Spirifer  are  shells  or  casts  of  Ptychopteria  not  dissimilar  from 
the  species  abundant  in  the  conglomerate  of  Panama. 

Succeeding  these  fossiliferous  beds  comes  a  gray  or  bluish  gray 
fissile  shale,  which  graduates  into  a  stronger  dark  colored  or  nearly 
black  shale  above.  This  shale,  as  exposed  in  a  railroad  cutting, 
presents  a  thickness  of  about  thirty  feet,  but  as  no  rock  could  be 
found  above  it,  its  entire  thickness  is  unknown.  Throughout  the 
whole  thickness  examined  it  is  totally  barren  of  fossils  of  any 
kind — so  far  as  observed — and  its  relations  to  the  beds  below 
are  apparently  only  those  of  superposition.  A  careful  examination 
of  the  country  for  some  miles  to  the  south  and  southeast  of  the 
locality  mentioned  failed  to  show  any  succession  of  beds  above 
the  dark  barren  shales. 

This  knowledge  of  thfe  upper  fossiliferous  member  of  the  Che- 
mung group,  and  its  relation  to  the  non  fossiliferous  beds  above, 
has  been  possessed  for  many  3'ears,  but  we  have  had  no  positive 
knowledge  of  the  character  of  the  strata  or  of  the  direct  succession 
above  this  horizon  until  the  present  time.  During  this  season  Mr. 
C.  E.  Beecher  of  the  N.  Y.  State  Museum  of  Natural  History  has 
made  an  examination  of  the  strata  in  the  neighborhood  of  Warren, 
Penn.,  and  with  the  information  thus  obtained,  together  with 
previous  knowledge,  he  and  Mr.  F.  A.  Randall  have  constructed  the 
section  here  presented  to  the  association. 

The  section  exhibits  about  1500  feet  of  the  upper  members  of 
the  Chemung  group,  terminated  by  the  barren  shales  and  flags 
which  correspond  to  those  already  described,  and  lie  above  the 
Spirifer  disjuncta  beds. 

The  first  fossiliferous  beds  above  these  barren  measures  con- 
tain Crinoids,  Syringothyris  and  Productus,  but  no  specimens  of 
any  form  of  Chemung  Spirifera  has  been  found. ^ 

List  of  Waverly  Fossils. 

Cypricardinia  Productus,  2  species 

Splienotus.  Lepldechious 

Paracnrdium  Star  fishes 

Leptodonius  Tropidocaris  alternata 

Modiomorpha  6  or  8  species  of  Crinoids 

Modiola  2  genera  of  Flslies 

1  The  accompanying  generic  list  comprises  the  larger  number  of  forms  thus  far  known 
in  this  horizon.  With  our  present  knowledge  it  would  be  fair  to  assert  that  we  have 
at  Warren  more  than  fifty  genera  and  at  least  2C0  species  in  the  Waverly  group  between 
the  Chemung  barren  measures  and  the  Garland  conglomerate. 
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LeptodcBms  Fenestella 

Alloriftma  Trematopora  ? 

Avicalopccten  Platyceras 

Crcnipecten  Bellerophon 

Lyriopecten  Plenrotomaria 

Bbynchonella  Loxonema  ? 

(Bhyuchonelloid  sp.)  Etiomphalns  ? 

Cbonetea  Ortboceras 

Streptorhynchus  Gomphoc«ras 

Cyrtina  Gyroceras 
Betzia                                          .  Dictyophyton 

SyriDgothyiis  Clatbrospongia 

Lingiila  Ectenodictya 

Crania  Spiraxis 

Orthis  michelina  Lepidodendron 

Athyris  Chonostegitea 

Fucoids 

In  the  succeeding  beds,  in  the  ascending  order,  the  fauna  assumes 
a  more  and  more  carboniferous  aspect,  leaving  no  doubt  as  to  the 
proper  reference  of  the  beds  of  this  horizon. 

In  the  upper  part  of  tlie  conglomerate,  and  in  the  sandstones 
above  it,  the  fossils  are  chiefly  of  land  plants  of  the  genera  Lep- 
idodendron, Sigillaria,  Calamites,  Halonia,  etc.,  of  large  size  and 
.abundant  in  specimens. 

The  absence  of  the  Catskill  group  or  any  beds  which  can  be  re- 
.ferred  to  that  horizon  is  very  significant. 

Without  any  apparent  want  of  conformity,  the  Waverly  group 
follows  the  Chemung,  but  we  know  that  at  the  point  in  the  Section 
marked  -{-  "Place  of  Catskill"  there  is  a  hiatus  which,  in  eastern  New 
York  and  Pennsylvania,  is  marked  by  the  presence  of  measures 
.having  a ►  thickness  of  from  3000  to  5000  feet.  Therefore  we  have 
a  right  to  conclude  that  there  has  been  a  long  interval  in  time  be- 
tween the  final  deposition  of  the  barren  Chemung  shales^  and  the 
fossiliferous  Waverly  sandstone,  or  that  the  deposition  of  the 
estuary  Catskill  sediments  has  been  going  on  simultaneously  with 
the  open  sea  deposits  of  the  Waverly  formation. 

The  results  of  these  investigations,  and  the  study  of  the  fossils 
of  these  formations,  have  shown  that  there  exists  no  conspicuous 
physical  line  of  denmrcation  between  them,  and  that  the  only  re- 
liable means  of  distinguishing  them,  lie  in  the  careful  study  of  the 
paleeontological  features  of  the  two  groups. 

The  entire  section  is  too  large  and  elaborate  to  accompany  the 
present  paper,  but  the  principal  features  representing  the  strata 
under  discussion  ai'e  here  given. 

3  It  may  be  mentioned  tbat  n-agments  of  the  shells  of  Spir^era  dUjuncta,  and  some 
other  fossils,  have  been  found  in  these  shales  near  Warren,  Pennsylvania. 


^ 
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EXPLANATION'  OF  THE  SECTrON. 


c.  Cnrljonirei'oue. 

1.  Blue  Bbalereacbingtotba  IflTelof  tbi 
Allcghao;  rlTer,iiad  LeJaiv. 
a.  Brown  abiUs, 
S.  Bed  sbale. 

i.  MiBtive  gra;  laadBlone. 
B.  Sbale,  motlled  nltb  red. 
e.  MBSBivegreeu  aaadtldue. 
T.  Sbales  imd  flogs. 

8.  Ssndetoae,  viiriuUe(inud-fun-DwB]. 

9.  Bronn  shales. 

10.  HuBiTe  sundrjtone. 

11.  SbaleB  aud  Bugs. 

12.  Caoglomerate  llBt  pebbles  (flBb  re 

IS.  SbaleB. 


n 

SbaleB. 

18 

riage. 

lU 

SbalBB. 

SO 

MaBBlve  n 

egray 

ssndBtOTie 

21. 

SlialeBnnJ 

Bags 

™p(o,  SpirVtr 

Verne 

UUi). 

+   Place  or  LlieCatfiktll, 

22.  Sbal;  saadatones    (CrlnoldB,  S;r)n- 

goibfrls  passing  Into  liiiIT  coloi-ed,  fi'luble 

saadslODe}. 

lire  conglomerate. 

*.  Tbln  bedded,  liulT  saadBtaaSB  (Crl- 

lida,  etc.)    ' 

S.  ConglODierale  (GnrlBDdJ. 

8.  Muailre,  coarse,  gray  aaaditone. 

T.  Quaker  Hill  coal  bed. 


1.  Conglomerate  (angular  pebbles). 
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Note  on  the  EurtpteriduE  op  the  devonian  and  carbonifer- 
ous FORMATIONS   OK   PENNSYLVANIA  ;   WITH    A   SUPPLEMENTARY 

NOTE  ON  Sttlonurus  Excelsior.      By  Prof.  James  Hall, 
State  Geologist  of  New  York,  Albany,  N.  Y. 

The  presence  of  fossils  of  this  family  in  the  Devonian  and  Car- 
boniferous formations  of  the  United  States,  is  of  such  rare  occur- 
rence that  the  fact  is  worthy  of  especial  notice ;  and  although  the 
descriptions  have  already  been  published,  the  information  may 
not  Improperly  come  before  this  association. 

Although  several  species  of  this  genus  have  been  described 
from  the  Carboniferous  rocks  of  £urope,  the  first  published  notice 
of  Earypterus  from  this  system  in  America  was  given,  under  the 
name  Erypterus  (Anthraconectes)  Mazonensis  by  Messrs.  Meek 
and  Worthenin  1868.  In  1877  Mr.  Charles  E.  Hall  described  a 
species  from  the  lower  Carboniferous  rocks  of  Venango  county, 
Pennsylvania,  E.  Pennsylvanicus^  and  another  form  from  the  coal 
measures  of  Cannelton,  Pa.,  E,  {DoUchopterus)  Mansfieldi. 

An  examination  of  all  the  specimens  proves  these  species  to  be- 
long to  the  genus  Eurypterus,  presenting  the  generic  form  and 
structure,  without  any  variation  of  sufficient  significance  to  re- 
quire sub-generic  distinction.  A  critical  examination  and  com- 
parison of  the  specimens  received  from  the  geological  survey  of 
Pennsylvania  has  led  me  to  the  conclusion  that  three  distinct 
species  may  be  recognized  from  the  coal  measures,  and  a  fourth 
species  from  the  lower  beds  of  the  carboniferous  system. 

The  single  species  from  the  Chemung  group  at  Warren,  Penn- 
sylvania, is  the  only  one  yet  known  from  the  Devonian  rocks  of 
tlie  country.  This  form  is  more  compact,  the  swimming  feet 
stronger,  and  the  articulations  less  extended  at  their  extremities, 
than  those  of  the  carboniferous  horizon. 

The  geological  range  of  the  genus,  so  far  as  at  present  known, 
is  from  the  Clinton  group,  where  we  have  an  unpublished  species 
{E.  prominens),  to  the  Coal  measures.  Taking  the  Water-lime 
forms  as  typical  of  the  genus,  the  only  marked  differences  between 
these  and  the  coal  measure  species  are  the  comparatively  greater 
elongation  and  more  slender  forms  of  the  latter.  The  swimming 
feet  and  limbs,  the  operculum,  and  the  mesial  appendage,  are  sim- 
ilar in  character.     The  segments  of  the  body  in   the  later  forms 
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are  sometimes  more  extended  and  acutely  spiniform,  but  all  these 
differences  appear  to  be  only  of  specific  importance. 

The  accompanying  table  will  show  the  geological  range  of  the 
known  species  in  the  United  States.  The  two  most  prolific  hori- 
zons are  the  Water-lime  and  the  Coal  measures. 


TABULAR  VIEW  OF  THE  GEOLOGICAL  DISTRIBUTION  OF  THE  FAMILY 

EURYPTERID2E  IN  THE  UNITED  STATES. 
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StYLONURUS  EXCELSIOR,   HaLL. 

Sometime  about  three  years  since  the  Museum  of  Rutgers  Col- 
lege, New  Jersey,  received  a  specimen  of  the  olive  sandstone  of 
the  Catskill  group  containing  the  carapace  of  a  large  crustacean. 
The  slab  of  sandstone  is  from  Delaware  Count}',  N.  Y.,  and  hav- 
ing been  split  in  the  direction  of  the  bedding,  the  fossil  is  carried 
in  relief  upon  one  side  and  the  impression  upon  the  other. 
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The  carapace  measures  ten  inches  in  length  by  eight  and  one- 
half  inches  in  width  across  the  palpebral  arches,  being  a  little  less 
at  the  base.  As  compared  with  the  larger  specimens  of  Stylon- 
urus  scoticus,  illustrated  by  Dr.  Henry  Woodward,  our  species  has 
had  an  entire  length  of  more  than  four  feet. 

The  first  published  notice  of  this  species  appeared  in  the  Trans- 
actions of  the  N.  Y.  Acad,  of  Sciences,  Vol.  II,  p.  8,  Oct.,  1882. 

The  carapace  is  described  and  figured  in  the  36th  Report  of  the 
N.  Y.  State  Museum  of  Natural  History. 


Geographical  and  physical  conditions  as  hodifting  fossil 

FAUNAS.    By  Dr.  Henrt  S.  Williams,  Cornell  University, 

Ithaca,  N.  Y. 

[abstract.] 

Recent  studies  of  the  fossil  faunas  of  the  Devono-Carboniferous 
series  in  New  York,  Pennsylvania  and  Ohio,  have  brought  out 
several  interesting  facts,  pointing  to  the  necessity  of  recognizing 
the  modifying  effects  of  geographical  and  physical  conditions  upon 
species  and  faunas  in  order  to  the  correct  determination  of  their 
strati  graphic  or  chronologic  position.  Taking  a  well  marked 
base,  such  as  the  Black  Genesee  shale,  which  terminates  the  form- 
ation bearing  the  Hamilton  fauna  and  is  recognized  over  a  wide 
territory  of  rock  exposures,  the  series  of  deposits  filling  the  in- 
terval, up  to  the  pre-carboniferous  conglomerate,  when  studied  se- 
rially from  east  to  west,  presents  gradual  but  remarkable  changes. 
So  great  are  these  changes  that  the  meridional  sections  passing 
through  Cayuga  lake,  Alleghany  Co.,  N.  Y.,  and  Erie  Co.,  Pa.,  pre- 
sent almost  entire  dissimilarity  in  the  great  part  of  their  strata ; 
while  any  one  of  these  when  compared  with  those  passing  through 
Otsego  Co.,  New  York,  and  Lake  Co.,  Ohio,  although  occupying 
the  same  interval,  presents  such  extreme  differences  that  it  seems 
to  belong  to  a  different  formation. 

By  study  of  the  fossils,  dissecting,  so  to  speak,  the  general  fau- 
nas into  their  loco- temporal  faunas,  the  nature  of  their  modifica- 
tion from  east  to  west  has  become  apparent. 

There  are  certain  definite  criteria  marking  the  horizon  over  the 
whole  region,  such  as  the  presence  of  certain  widely  extended 
species  or  the  first  appearance  of  faunas  under  similar  condi- 
tions. 
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The  litliological  changes  have  been  gradual,  causing,  not  a  thin- 
ning or  thickening  of  the  individual  strata  or  rock  masses,  but  a 
gradual  increase  or  decrease  of  one  class  of  deposits  over  another. 
For  instance,  a  series  of  strata,  in  one  place  argillaceous,  soft  and 
fissile,  will  be  found,  a  few  miles  distant,  more  arenaceous,  the 
sandy  strata  occurring  more  frequently  and  thicker. 

Or,  certain  beds  of  a  peculiar  character,  thin  and  inconspicuous 
in  one  section,  become  conspicuous  and  dominant  in  another,  so 
that  a  series  of  dark  gray-green  shales  and  sandstones  become 
changed,  in  the  course  of  a  hundred  miles,  into  a  series  of  alternate 
soft,  light  green  argillaceous  shales,  and  black  bituminous  shales. 

Or,  higher  up,  brown-gray  shales,  with  thin  shaly  sandstones,  of 
one  section  are  represented  a  hundred  miles  farther  west  by  al- 
ternation of  soft  green  shales  and  massive  gray  calcareous  sand- 
stones. With  these  litliological  changes  the  fossils  change ;  but 
in  the  case  of  the  fossils  also,  the  difference  is  rather  in  the  fre- 
quency and  prominence  of  certain  species  or  varieties  of  species, 
than  in  any  total  replacement  of  faunas  ;  though  it  is  believed  that 
a  total  change  in  the  faunas  themselves  would  result  if  the  compar- 
isons were  carried  far  enough. 

There  is  also  an  earlier  appearance  of  some  species  in  one 
part  of  the  area  than  in  another.  Of  this  fact  I  have  unmistak- 
able proof.  In  the  Portage  group  at  Ithaca,  as  I  have  already 
shown,  is  a  rich  fauna,  not  equivalent  to  the  Chemung,  but  inter- 
mediate between  it  and  the  Hamilton,  which  does  not  appear  at  all 
west  of  Cayuga  lake.  Again  in  Erie  Co.,  Pa.,  in  strata  well  down 
in  the  Portage,  and  in  I.  C.  White's  Girard  shales,  are  found 
Rhynchoncllas  and  other  species  which,  in  Alleghany  Co.,  N.Y.,  do 
not  appear  till  well  up  in  the  Chemung  faunas.  Many  other  details 
might  be.  mentioned,  all  pointing  to  the  one  conclusion,  that  in 
passing  over  geographical  areas  of  sedimentar}'  deposits,  of  even  a 
few  hundred  miles  extent,  especially  when  the  direction  is  vertical 
to  the  probable  coast  line  of  the  Period,  the  effects  of  those  changed 
conditions  recorded  in  the  different  nature  and  structure  of  the  de- 
posits, and  of  other  conditions  only  recorded  in  the  fossils  them- 
selves, which  were  probably  differences  of  temperature  and  ocean 
currents,  must  be  borne  in  mind  in  classifying  the  deposits.  The 
confusion  which  our  stratigraphers  find,  arising  from  the  anoma- 
lous position  of  species  and  the  apparent  subversion  of  established 
canons,  must  be  met,  not  by  discarding  the  evidence  furnished 
by  fossils,  but  by  giving  them  more  close  and  thorough  study. 
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On  some  fish  remains  recently  discovered  in  the  Silurian  rocks 
OF  Pennsylvania.  By  Prof.  E.  W.  Claypole,  Buclitel  Col- 
lege, Akron,  Ohio. 

[ABSTBACT.] 

The  I'ocks  lying  between  the  Medina  and  Oriskany  sandstone  in 
Pennsylvania  (Fifth  group  of  Rogers)  consist  of  a  vast  mass  of 
shales  and  limestones  which  have  long  been  known  to  correspond 
in  the  main  with  the  beds  in  New  York  lying  between  the  Clinton 
and  L.  Helderberg.     But  their  exact  place  had  not  been  defined. 

My  recent  work  on  the  Palaeontology  of  Middle  Pennsylvania 
led  me  to  attempt  the  correlation  of  these  beds  with  those  of  New 
York  on  the  evidence  of  their  fossils.  The  conclusions  with  the 
facts  on  which  they  rest  were  embodied  in  a  paper  presented  to 
the  American  Philosophical  Society  in  March,  1884. 

The  following  is  a  short  summary  of  the  contents  of  that  paper : 

The  lower  portion  of  these  beds  900-1000  feet  thick  contains 
fossils  described  from  the  Clinton  group  of  New  York.  It  con- 
sists of  green  shales  with  sandstones  and  iron  ore.  The  fossils 
thus  far  identified  are  Beyricliia  lata  Van.,  Calymene  Clintoni 
Van.,  Calymene  Niagarensis  Hall,  Ormoceras  veHebi^atum  Hall. 

Beside  this  the  evidence  from  lithology  is  very  strong  in  the 
same  direction.  I  have  therefore  no  hesitation  in  referring  these 
beds  to  the  Clinton  Group,  which  thus  limited  extends  from  the  top 
of  the  Medina  Sandstone  to  the  top  of  an  iron  ore  known  in  the 
district  as  the  Sand  vein  Ore  Bed. 

Above  this  lie  150  feet  of  green  shale  and  limestone  which  so 
far  as  I  have  yet  studied  them  contain  one  or  perhaps  two  Clinton 
species  mixed  with  at  least  a  single  form  belonging  to  the  Lower 
Helderberg.  Thp  two  that  have  been  certainly  identified  are  Lin' 
gula  oblonga    Hall,  Beyrichia  notata  Hall. 

These  I  have  for  the  present  called  passage  beds  between  the  i 

Clinton  and  Onondaga. 

Above  them  lies  the  great  mass  of  Red  Shale,  Variegated  Marl 
and  gray  Marl  about  1000  feet  thick,  forming  the  mass  commonly 
spoken  of  as  the  shale  of  No.  5  of  Rogers.  Chiefly  for  lithologic 
reasons  I  consider  this  the  equivalent  of  the  Onondaga  of  New 
York,  the  description  of  which  by  Vanuxera  precisely  fits  it.  Pal- 
ffiontological  evidence  is  slight  but  the  beds  have  yielded  me  Bey^ 
rkhia  notata  Van.,  Leperditia  alta  Con. 
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Overlying  the  Onondaga  is  a  massive  limestone  very  barren,  but 
yielding  in  Juniata  County  the  New  York  Crustacean  Pterygotua 
Oahonii  Hall. 

From  this  fact  and  the  strong  stratigraphic  evidence,  there  can 
be  no  reasonable  doubt  that  we  have  in  it  the  equivalent  of  the 
water-lime  of  New  York. 

Lastly  follow  limeshales  yielding  L.  Helderberg  fossils  and  nn- 
qnestionablj'  the  counterpart  of  the  similar  beds  in  New  York. 

The  above  is  a  very  brief  summary  of  the  paper  on  this  subject 
which  may  be  consulted  in  the  Proceedings  of  the  American  Philos- 
ophical Society  for  1884. 

It  follows  that  in  middle  Pennsylvania  no  equivalent  of  the 
Niagara  group  exists. 

The  following  is  a  table  of  the  results  above  detailed : 


COMPARISON  OF  UPPER  SILURIAN  ROCKS  IN  NEW  YORK  AND 

PENNSYLVANIA. 


NEW  YORK. 

'Upper  pentamei'ons  Limestone 
Encrloal  LimcBtone 
B^  <{  Shaly  Limestone 

Lower  pentameroas  Limestone 
Waterlime 


So 


oja 


\ 


MIDDLE  PENNSYLVANIA. 

Flint  Shale  with  Crinoids 

i  Limeshales  with  Tentacnlites,  Mer^ 
istella,  etc. 
Limestone  with  Pterygotus,  etc. 


&a 
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8 

0 

O 
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0 


'Magnesianand  Termicular  Rock 

Gypseous  Marls 

Variegated  Marls 
i.  Red  Shale 

Limestone 

Iron  Ore 

Upper  green  Shale 

Ijimestone  and  Ore 

^  Lower  green  Shale 

Medina  Sandstone 


Grey  Marls 

Variegated  Marls 

Red  Shale 

Passage  beds 

Limestone  and  Ore 

Sandrock 

Ore 

Sandrock 

Upper  green  Shale  and  Ore 

Iron  Sandstone  and  Ore 

Lower  green  Shale 

Medina  Sandstone 


I 


o 
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Most  of  the  fossils  alluded  to  in  the  seqael  of  this  paper  were 
found  in  the  variegated  shales  of  the  Onondaga  group — an  horizon 
below  those  which  have  yielded  the  oldest  previously  known  fish 
remains  in  America  and  at  least  as  old  as  the  lowest  fish-bearing 
rocks  elsewhere.  The  exact  stratum  is  a  bed  which  I  have  named 
the  Bloomfield  Sandstone  from  its  exposure  near  the  town  of  New 
Bloom  field  in  Perry  County  and  which  lies  at  the  top  of  the  varie- 
gated shale  of  the  Onondaga  about  200  feet  below  the  water  lime. 

The  fossils  themselves  are  of  two  kinds.  First,  or  least  abun- 
dant, are  small  spines  apparently  of  Selachian  fish  much  resem- 
bling those  described  from  the  Ludlow  rocks  in  England.  These 
by  their  form  and  appearance  admit  of  no  doubt  concerning  their 
nature.  Second,  are  a  number  of  flattish,  elongated,  striated  shields 
whose  appearance  instantly  suggests  a  relationship  to  the  well- 
known  Pteraspis  of  the  same  rocks.  Nor  is  this  appearance  de- 
lusive. Closer  examination  confirms  the  first  impression  in  every 
point  and  leaves  no  room  for  doubt  that  these  Onondaga  shales,  so 
barren  of  animal  life,  contain  older  vertebrate  fossils  than  any 
previously  described  from  this  county. 

To  confirm  these  conclusions,  microscopic  evidence  can  be  cited, 
if  necessary.  Thin  sections  cut  and  mounted  in  Canada  balsam 
show,  not  indeed  the  ordinary  structure  of  bone,  which  is  totally 
wanting,  but  a  structure  so  closely  resembling  that  of  the  Ludlow 
Pteraspis  that  the  near  afiSnity  of  the  two  is  placed  beyond  ques- 
tion. 

SufiScient  differences,  however,  exist  both  in  the  outer  shape  and 
the  minute  structure,  as  shown  by  my  own  specimens  of  both  the 
English  and  American  fossils  and  by  a  comparison  of  the  latter 
with  Prof.  Huxley's  figures  as  given  in  the  Quarterly  Journal  of 
the  Geological  Society  (August,  1858),  to  enable  me  to  distinguish 
between  them,  both  as  genera  and  species,  and  I  propose  for  the 
fossils  now  brought  forward  the  generic  name  Palceaspis  and  in 
this  new  genus  I  place  the  two  following  species :  Palceaspis  elUp^ 
tica^  Palceaspis  bitruncata. 

For  the  species  previously  mentioned  I  propose  the  name  Onchus 
Pennsylvanicus. 

It  is  not  possible  in  an  abstract  like  this  to  enter  into  minute 
details  of  description  and  structure.  These  must  be  reserved  for 
another  place. 

But  in  regard  to  the  age  of  these  fossils  compared  with  that  of 
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the  Onchus  and  Pteriispis  of  the  English  beds,  I  may  say  that  in 
the  Table  given  above  the  Ludlow  beds  are  palseontologically  con- 
sidered the  equivalent  of  the  American  Lower  Helderberg  and 
Waterlime  and  that  in  consequence  the  fossils  they  contain  must 
be  stratigraphically  younger  than  those  which  I  here  bring 
forward  from  strata  at  least  two  hundred  feet  lower  down.  Only 
a  single  specimen  has  3'et  been  found  from  the  Lower  Ludlow  in 
England.  All  the  rest  came  from  the  Upper  Ludlow  about  1000 
feet  higher  up. 

Shortly  after  the  discovery  of  these  fossils,  when  working  in  the 
Red  Shale  of  the  same  county  and  about  a  thousand  feet  below 
the  Bloomfield  sandstone,  I  met  with  a  thin  bed  consisting  in  gi^eat 
part  of  what  appeared  to  be  the  comminuted  scales  of  fish.  Their 
broken  and  fragmentary  condition  has  thus  far  prevented  my  mak- 
ing a  successful  study  of  these,  but  I  cannot  from  their  general 
appearance  and  structure  entertain  much  doubt  that  they  ai*e  also 
fish  remains  and  I  strongly  incline  to  the  view  that  they  are  co- 
prolitic  in  origin.  This  carries  the  existence  of  fish  down  neai*ly 
to  the  base  of  the  Onondaga  group. 

Further,  on  the  same  day  I  discovered  another  layer  crowded 
with  fragments  presenting  an  appeai'ance  very  similar  to  that  just 
described,  but  at  least  500-600  feet  lower  still.  Though  in  broken 
condition  and  from  the  refractory  nature  of  the  matrix  exceeding- 
ly difficult  to  extract  or  examine,  yet  their  appearance  is  enough  to 
satisfy  me  that  these  also  are  comminuted  fish  plates  or  scales  bear- 
ing in  many  cases  the  characteristic  sculpture  on  their  outer  faces. 
There  are  also  with  them  a  few  imperfectly  preserved  spines  simi- 
lar to  those  found  in  the  Bloomfield  Sandstone.  Coming  as  they 
do  from  the  Iron  Sandstone  they  carry,  as  will  be  seen  by  reference 
to  the  Table,  the  existence  of  fish  (and  therefore  of  Vertebrates?) 
back  nearly  to  the  middle  of  the  Clinton  Group  and  consequently 
to  an  horizon  considerably  lower  and  older  than  any  that  have 
hitherto  yielded  fish  remains  in  America  or  elsewhere.^ 

Into  the  zoological  affinity  of  Paloeaspis  this  is  not  the  place  or 
time  to  enter.  Its  resemblance  to  the  English  JPteraspis  is  so 
close  that  the  two  must  stand  or  fall  as  fish  together.     Regarding 

1  It  is  perhaps  right  to  add  that  in  thas  speaking  I  exclude  the  much  disputed 
"Conodonts"  of  Prof.  Pander  from  the  Lower  Silurian  roclcs  of  St.  Petcrsbui-g.  Should 
these  bodies  proTe  the  remains  of  flsh  they  are  of  yet  older  date. 
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the  latter,  Huxley  says  (Q.  J.  G..  S,  Aug.,  1858)  :  "No  one  can,  I 
think,  hesitate  in  placing  Pteraapis  among  fishes."  In  this  pre- 
liminary notice  I  claim  no  more  than  the  admission  of  Pdlceaspis 
to  the  standing  which  has  been  accorded  to  Pteraspis.  I  shall  hope 
on  some  future  occasion  here  or  elsewhere  to  state  some  of  the 
details  at  gi*eater  length.^ 


Geographic  classification,  illustrated  bt  a  studt  of  plains, 
PLATEAUS  AND  THEIR  DERIVATIVES.  B}^  W.  M.  Davis,  Har- 
vard University^  Cambridge,  Mass. 

[ABSTRACT.] 

The  relations  of  a  number  of  geographic  forms  may  be  exhibited 
by  means  of  a  classification  based  first  on  the  peculiarities  of 
structure  and  second  on  the  amount  of  erosion  that  they  have 
suffered.     Conditions  of  accumulation,  elevation  and  deformation  ^ 

give  subheadings  under  the  first  class,  while  the  stage  of  advance 
in  the  destructive  processes  of  erosion  that  cut  all  land  forms 
alike  down  to  a  base-level  plain  of  denudation  provides  further 
opportunity  for  subdivision.  In  no  group  of  forms  does  this  method 
of  classification  find  better  illustration  than  in  those  characterized 
by  a  structure  of  horizontal  layers. 

This  great  group  may  be  first  divided  and  subdivided  according 
to  special  conditions  of  formation  and  composition  ;  thus  we  have 

(a)  Strata  of  fragmental  or  calcareous  materials  of  marine,  la- 
custrine, fiuviatile  or  seolean  origin,  all  of  common  occurrence. 

(&)  Sheets  of  overfiowing  lava,  greatly  expanded  in  Idaho  and 
India,  less  in  France  and  Germany. 

(c)  Ice  and  snow  plains,  still  existing  in  Greenland,  and  of  spe- 
cial interest  there  as  representatives  of  the  vast  snowy  desert 

that  spread  in  relatively  recent  times  over  the  lands  about  the  ^ 

North  Atlantic. 

(d)  Salt  plains,  deposited  by  evaporation  of  inland  lakes. 

(e)  Peat  and  other  vegetable  deposits,  accumulated  by  organic 
growth.  These  last  two  divisions  include  deposits  generally  of 
relatively  small  area  and  short  duration,  which  gain  a  long  life  only 
when  preserved  by  burial. 

'For  further  details  on  this  subject  see  the  Q.  G.  J.  S.,  for  February,  1886. 
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The  means  of  revelation  or  birth  of  such  of  these  deposits  as 
are  formed  beneath  water  affords  further  ground  for  their  classifi- 
cation. The  greatest  number  have  been  (a)  directly  lifted  out  of 
water  by  an  upheaving  force  of  unknown  origin  that  acts  vertically 
without  any  superOcial  appearance  of  lateral  crushing,  as  in  the 
Colorado  and  other  plateaus.  Corresponding  closely  with  this, 
and  perhaps  in  some  regions  of  moderate  elevation  confounded 
with  it,  is  (&)  the  laying  dry  of  shallow  sea-bottoms  by  the  deep- 
ening of  the  ocean  elsewhere.  The  sheet  of  water  has  been  with- 
drawn from  lake  deposits  (c)  by  evaporation,  (d)  by  cutting  down 
outlet,  probably  in  some  cases  (e)  by  tilting  the  basin  so  as  to  allow 
better  drainage,  and  (/)  by  melting  away  of  barrier,  as  suggested 
in  the  case  of  Lake  Agassiz  and  very  many  small  glacial  lakes. 
The  water  has  been  (g)  displaced  by  delta  and  littoral  deposits. 

But  of  greater  geographical  importance  than  these  early  and 
constructional  characteristics,  are  the  later,  destructional  ones, 
determined  by  erosion,  inasmuch  as  they  comprehend  the  topo- 
graphical form  that  we  actually  observe.  It  is  this  division  of 
the  subject  that  is  worthy  of  most  attention  from  the  comparative 
geographer,  and  in  assigning  a  region  of  horizontal  structure  to  its 
proper  place  in  this  classification,  the  following  sketch  of  the  life- 
history  of  such  a  land  mass  may  serve  as  a  guide.  Just  as  the 
surface  of  the  deposit  rises  above  its  base-level  of  erosion — or,  in 
the  case  of  lake  deposits,  as  the  governing  base-level  sinks  below 
the  surface,  a  smooth,  unbroken  plain  is  revealed.  Its  drainage 
is  imperfect,  for  the  newly  formed  streams  have  not  yet  had  time 
to  establish  their  channels,  and  much  of  the  rainfall  stands  on  the 
ground  until  it  evaporates.  Faint  depressions  on  the  surface, 
the  effect  of  slight  irregularity  in  the  original  distribution  of  the 
deposit,  hold  the  water  back  to  form  shallow  marshy  lakes.  The 
smoothness  of  the  surface  and  the  shallow  lakes  are  indeed  truly 
infantile  features,  retained  only  during  the  earliest  life  of  the  plain, 
and  soon  lost  in  its  further  development.  This  development  finds 
its  opportunity  in  the  gaining  of  an  effective  elevation  above  the 
base-level  of  the  region  and  in  the  persistent  down-cutting  of  the 
streams.  Rivers  establish  their  courses,  the  smooth  plain  is 
trenched  across  by  their  meandering  channels,  and  all  the  lakes 
disappear.  This  is  adolescence.  The  channels  will  be  narrow 
and  steep  walled  in  regions  of  relatively  rapid  elevation,  but 
broadly  open  in  regions  that  have  risen  slowly,  and  I  believe  that 
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rate  of  elevation  is  thus  of  greater  importance  than  climatic  con- 
ditions in  giving  the  canon  form  to  a  valley.  Of  course  the  chan- 
nels must  be  shallow  in  plains  of  small  altitude,  while  they  may 
become  ,deep  in  regions  that  have  been  raised  to  a  great  height ; 
but  great  canons  can  occur  only  in  young  plateaus,  for  canons  are 
marks  of  a  precocious  adolescence,  and  in  this  feature,  the  Colorado 
plateaus  are  truly  American.  Adolescence  as  thus  defined  includes 
that  part  of  a  plateau's  early  life  in  which  the  stream  channels  are 
narrow  and  well  marked ;  but  as  the  valleys  increase  in  number 
and  open  widely  so  as  to  consume  a  good  share  (one-sixth  to  one- 
fifth)  of  the  plateau  mass  measured  above  the  existing  base-level 
of  discharge,  then  adolescence  merges  into  maturity.  Maturity 
may  be  said  to  last  through  the  period  of  greatest  diversity  of 
form,  or  maximum  topographic  difierentiation,  until  about  three- 
quarters  of  the  original  mass  are  carried  away  ;  and  through  this 
period  when  the  geographic  names  for  this  group  of  forms  should 
be  most  applicable,  there  are  none  whatever  that  can  be  properly 
applied,  nor  is  there  any  that  includes  this  group  of  forms  as  a 
whole. 

During  maturity  no  vestige  of  plain  surface  remains  (except  in 
slow-rising,  low  plains  that  never  acquire  any  marked  relief),  and 
the  region  is  too  broken  to  be  named  a  plateau.  To  call  it  a  hilly  or 
mountainous  country  resting  on  a  plateau  would  be  an  unapprecia- 
tive,  indeed  a  vicious,  style  of  nomenclature.  Indeed  there  is  no 
suitable  technical  name  yet  proposed  for  such  a  surface,  although 
it  possesses  a  most  peculiar  and  well-defined  topography.  Long 
lines  of  cliffs  are  the  most  pronounced  features ;  their  upper  edge 
is  of  constant  altitude,  but  their  direction  is  exceedingljMrregular, 
continually  varying  as  they  pass  from  reentrant  to  projecting  an- 
gles. When  standing  on  the  bench  or  platform  of  such  a  cliff,  its 
extension  can  be  traced  for  miles,  contouring  around  the  spurs 
that  separate  ravines  and  valleys.  Every  cliff  marks  the  out- 
cropping of  a  more  resistant  stratum  or  group  of  strata  than 
those  that  over  and  underlie  it,  and  the  natural  variety  in  the  se- 
quence of  harder  and  softer  la3'ers  gives  origin  to  the  many  va- 
riations on  a  single  type  that  are  observed  in  the  scenery  of  broken 
plateaus.  The  cliffs  are  separated  by  sloping  surfaces,  that  in  the 
younger  plateaus  are  steep  and  largely  covered  with  debris  from 
the  cliff  above,  forming  a  talus  almost  down  to  the  cliff  below ; 
but  with  the  recession  of  the  cliffs,  the  talus  proper  is  restricted 
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to  a  narrow  space  around  their  base,  and  the  intervening  bench 
land  has  a  more  gentle  inclination. 

Along  the  larger  valleys,  outliers  are  frequently  isolated  from 
the  main  plateau  mass  by  the  meeting  of  side  streams  behind  them  ; 
these  are  often  used  as  strongholds  by  savage  tribes,  and  as  we 
know  in  the  west  the  cliffs  also  may  afford  protection  to  weaker  races 
who  seek  shelter  beneath  them.  The  models  of  these  peculiar 
dwellings,  prepared  by  Messrs.  Holmes  and  Jackson  of  our  geolog- 
ical survey,  illustrate  admirable  examples  of  the  control  exerted  by 
topography  on  the  conditions  of  human  life.  During  the  maturity 
of  a  plateau  all  the  streams  cut  down  nearly  to  their  base-level  and 
give  a  maximum  of  relief  between  the  upper  levels  and  valley  bot- 
toms. The  stream  system  itself  is  very  characteristic :  the  stream 
courses  having  been  selected  on  nearly  horizontal  surfaces,  and  find- 
ing no  lateral  constraint  in  the  attitude  of  the  strata  through  which 
tiiey  cut,  are  necessarily  meandering ;  they  branch  and  subdivide 
in  all  directions,  like  the  veins  of  a  maple  leaf,  giving  a  consequent 
irregularity  to  the  outcrop  of  hard  strata  on  spurs  and  in  ravines, 
and  rendering  a  well-broken  plateau  extremely  difficult  to  traverse. 
No  small  degree  of  skill  and  experience  is  required  to  extricate 
one's  self  from  the  labyrinth  of  almost  impassable  valleys  in  cros- 
sing such  a  countr3\ 

One  of  the  latest  phases  of  maturit}'  reveals  the  higher  levels  of 
the  plateau  broken  through  by  the  ever  increasing  number  of  ra- 
vines and  valleys,  producing  in  some  cases  the  peculiar  pinnacled 
topography  in  which  vertical  lines  are  so  numerous  and  so  pro- 
nounced that  it  is  at  first  difiScult  to  associate  them  with  a  hori- 
zontal structure ;  but  the  pinnacles  are  simply  remnants  of  the 
cliff  faces  that  first  appeared  as  bold  steps  on  the  valley  slopes, 
that  were  next  seen  wrapped  around  the  gradually  isolated  out- 
liers, and  that  now  still  retain  their  height,  while  their  length  has 
diminished  as  the  outlier  wasted  away. 

On  leaving  this  stage,  the  plateau  passes  from  maturity  to  old 
age :  the  relief  of  the  surface  diminishes,  for  while  the  pinnacles 
dwindle  away  and  the  country  loses  in  altitude,  the  valleys  do  not 
correspondingly  gain  in  depth .  The  cliff  faces  are  forced  farther  and 
farther  back  and  the  valleys  increase  greatly  in  width,  the  slopes 
become  gentler  and  the  whole  aspect  of  the  region  is  simpler  and 
tamer  than  before.  The  kernels  of  the  longest  enduring  outliers 
stand  scattered  about  on  the  low  plains  into  which  the  all-consuming 
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valleys  have  grown  and  fitly  take  the  form  of  great  fortresses  in 
their  final  struggle  against  the  elements.  At  last  even  these  rem- 
nants are  carried  away,  reducing  the  once  rugged  countiy  to  al- 
most as  low,  flat  and  featureless  a  surface  as  it  was  at  birth ; 
but  its  perfected  system  of  meandering  rivers  separates  it  from  new- 
born plains,  and  although  now  smooth  when  compared  to  the  rug- 
gedness  of  its  maturity,  still  it  rises  gently  between  the  streams 
in  faint  swells  which  distinguish  it  from  the  more  nearly  perfect 
level  of  unworn  surfaces.  It  is  now  eas}*  to  traverse,  but  is  still 
capable  of  misleading  the  traveller  over  its  monotonous  expanse, 
where  every  trough  is  closely  like  its  neighbor,  and  all  the  interven- 
ing swells  are  too  smooth  and  low  to  serve  as  landmarks  or  as 
points  of  view.  This  is  simple  old  age,  a  second  childhood  in 
which  infantile  features  are  imitated  and  thus  the  decrepit  surface 
must  wait  either  until  extinguished  by  submergence  below  the  sea, 
or  regenerated  by  elevation  into  a  new  cycle  of  life. 


The  genesis  and  conservation  of  volcanic  energy.    By  Prof. 
J.  W.  Pike,  Vineland,  N.  J. 

[ABSTRACT.] 

Mr.  Faraday  has  truly  said,  *'no  hypothesis  should  be  admitted 
nor  any  assertion  of  fact  credited,  that  denies  the  principle"  of 
conservation  of  force ;  and  any  apparent  conflict  of  our  theories 
with  this  principle  points  to  undiscovered  laws  and  conversions  of 
force.  Our  principal  hypothesis  of  volcanic  energy  is  a  speculation 
of  cosmogony,  and  derives  it  from  an  expiring  remnant  of  the 
earth's  primordial  incandescence  still  retained  in  its  interior.  The 
antecedent  form  of  this  primal  heat  is  supposed  to  have  been  the 
motion  of  falling  nebulous  particles,  attracted  together  to  form 
the  globe.  But  this  does  not  quite  agree  with  the  doctrine  of  con- 
servation, for  gravitation  which  is  thus  made  the  antecedent  form  of 
the  motion  is  not  convertible.  Gravitation,  chemism,  inertia,  elas- 
ticity, etc.,  being  properties  of  matter  can  only  give  back  again 
the  energy  they  have  received.  The  antecedent  form  of  the  mo- 
tion of  the  arrow  is  uot  the  elasticity  of  the  bow,  but  the  muscular 
energy  that  bent  it.     As  the  antecedent  form  of  the  motion  of 
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falling  nebulous  particles,  we  require  an  expanding,  dissociating, 
nebula-producing  force,  like  the  solar  energy  which  produces  clouds 
in  the  atmosphere.  But,  according  to  the  premise  of  our  volcanic 
h3'pothesis,  this  is  the  same  amount  and  kind  of  energy  which  the 
solar  system  has  given  away  without  compensation  to  the  external 
universe,  till  only  an  insignificant  fraction  of  the  original  dower 
remains.  The  analogies  of  nature  and  the  law  of  conservation 
are  better  satisfied  by  postulating  that  the  radiant  energies  of  the 
sun  and  stars  are  not  poured  out  forever  into  an  infinite  waste  and 
lost,  but  are  conserved,  latent,  by  efifecting  nebulous  dissociations 
of  matter  scattered  in  space.  We  may  conceive  a  system  of  equi- 
table cosmical  exchanges,  between  the  solar  system  and  the  stellar 
universe,  in  the  currency  of  living  energy  which  never  perishes 
and  never  can  be  lost.  We  may  hope  to  discover  that  not  only 
forces,  but  falling  comets,  meteors,  invisible  nebulous  masses 
and  particles  are  returned  as  an  equivalent  for  the  radiant  eu« 
ergy  and  dissociated  material  which  our  system  imparts  to  its 
environment. 

Similar  reasoning  would  lead  us  to  reject  the  idea  that  volcanic 
energy  is  the  expiring  remnant  of  primordial  incandescence,  and 
substitute  the  idea  that  it  arises  from  the  conversion  of  some  latent 
form  of  force  which  is  continually  restored  to  the  earth  by  geolog- 
ical processes.  Accumulating  knowledge  steadily  leads  in  the 
same  direction. 

It  was  an  obvious  deduction  that  such  an  incandescence  would 
separate  the  water  and  all  gases  into  a  great  external  atmosphere ; 
that  the  lighter  molten  layers  would  float  upon  the  heavier  and 
congealing  into  a  crust,  would  divide  all  explosive  gases  from  the 
anhydrous  molten  interior.  But  how  could  such  lava  be  erupted 
through  a  crust  light  enough  to  float  upon  it,  and  how  could  it  be- 
come explosive  by  further  cooling?  Plication  from  cooling  and 
the  opening  of  fissures  from  the  nucleus  to  the  sea  bottom  are 
plausible,  but  further  examination  increases  the  difficulties  and 
leads  to  the  conclusion  that  volcanic  energy  is  the  cause  and  not 
the  eflect  of  plication.  The  welding  pressure  of  the  deeper  layers 
of  the  crust  must  make  them  impervious,  and  exclude  water  and 
all  explosives  from  the  molten  interior.  To  escape  the  difficulties, 
Mr.  Osmond  Fisher  would  derive  volcanic  steam  and  gases,  as  well 
as  heat,  from  the  same  primordial  store,  laid  up  in  the  earth's 
molten  interior  from  the  beginning. 

A.  A.  A.  8«,  VOL.  XXXIU.     •  28 
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Continaed  cooling  should  thicken  the  crast  and  make  eruptions 
more  difficult ;  the  vast  expenditure  of  explosive  energy  through 
the  eons  of  geological  time  should  make  eruptions  more  and  moi*e 
feeble.  Krakatoa  and  the  Tertiary  volcanoes  are  sufficient  an- 
swer. 

Prof.  Hitchcock  has  suggested  that  the  best  situated  passages, 
once  opened  to  the  molten  interior,  would  continue  to  ^^exist  and 
enlarge  at  the  expense  of  the  others,"  and  we  must  add,  w)  neto 
ones  could  be  opened.  Continents  would  have  the  structure  of 
volcanic  islands,  the  volcanoe-«  central  and  remote  from  the  sea. 
On  the  contrar}',  we  find  volcanoes,  not  where  denudation  has  pen- 
etrated nearest  the  supposed  primordial  heat,  but,  in  the  fringes  of 
sediment  where  it  is  buried  deepest. 

Herschel's  hypothesis,  that  sediments  are  fused,  and  their  in- 
•cluded  water  and  gases  made  explosive  by  heat  from  beneath,  we 
jnust  regard  as  a  great  step  forward.     It  fixes  the  attention  upon 
new  classes  of  facts,  and  organizes  evidence  before  contradictory. 
Prof.  Hall  has  pointed  us  to  great  accumulations  of  sediment  as 
■the  sources  of  disturbance.     Dr.  Hunt,  to  a  deeply  buried  water- 
dmpregnated  zone  of  plastic  sediments  as  the  probable  source  of 
volcanic  ejections ;  and  with  Le  Conte,  Judd  and  others,  has  ex- 
j)lained  how  great  accumulations  may,  perhaps,  produce  ^Mines  of 
weakness,"  and  by  the  supposed  contraction  of  the  nucleus,  the  up- 
swelling  of  the  lines  into  mountain  chains.     Scrope's  conclusion, 
so   ably  stated  by  Captain    Dutton,    is    fairl}*  reached.      '^Vol- 
•canic  phenomena  are  brought  about  by  a  local  increase  of  tem- 
perature   within   certain   subterranean    horizons."      The    steam, 
, gases  and  molten  rock  erupted  from  volcanoes  were  once  pre- 
pared  and  laid  down  by  the  processes  of  denudation  and  sedi- 
mentation. 

I  go  a  step  further,  and  suggest  that  the  volcanic  energy  was, 
in  good  part,  also  laid  down  latent  in  the  sediments — that  its  an-  ^ 

tecedent  form  was  the  solar  energy  which  disintegrated  the  older 
crystalline  rocks  out  of  which  the  sediments  were  formed;  and 
that  it  is  liberated  by  the  metamorphism  which  reproduces,  in 
plutonic  depths,  the  equivalent  crystalline  rocks. 

This  is  a  modification  of  Keferstin's  chemical  hypothesis,  pub- 
lished fifty  years  ago,  and  brought  to  the  attention  of  American 
geologists  by  Dr.  Hunt  nearly  twenty-five  years  ago.  Volcanic 
phenomena,  according  to  Keferstein,  originate  in  known  sedimen- 
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tary  formations,  "where  they  are  the  result  of  a  peculiar  kind  of 
fermentation,"  which  ciystallizes  and  rearranges  the  elements  of 
the  sediments  ''with  evolution  of  heat  as  a  result  of  the  chemical 
process."     Crystallization  also  evolves  heat. 

Prof.  LeConte  admits  chemical  action  as  one  of  the  sources  of 
heat  and  so  of  a  few  others.  But  geologists  coramonl}^  dismiss 
chemical  sources  by  a  brief  reference  to  Davy's  exploded  notion  of 
a  combustible  nucleus  of  light  metals. 

Volcanism  has  arisen  from  beneath  great  and  rapidly  accumu- 
lated beds  of  sediment.     It  is  now  active  under  recent  accumula- 
tions.    That  these  are  also  massive  is  indicated  by  their  position, 
as  those  of  Java,  in  the  basin  between  two  continents  where  the 
accumulations  must  be  immense.     Similarly  those  of  Alaska,  of 
Central  America,   the  Mediterranean,   and   the    Cretaceous  sea 
that  once  divided  North  America.     It  is  manifested  along  the  sea 
border  because  there  are  the  new  sediments.     The  volcanic  areas 
of  remote  geological  periods  were  under  sediments  that  were  then 
new,  and  that  were  also  then  on  the  sea  border — those  of  the  Sil- 
urian, in  sediments  that  were  recent  in  Silurian  time  and  on  the 
Silurian  sea  border  and  so  on.     We  can  predict  that  this  order 
will  be  found  in  the  unexplored  regions,  and  that  no  new  volcanoes 
will  ever  break  forth  in  old  formations,  or  in  continental  areas. 
The  obvious  meaning  of  these  facts  is,  that  the  energy  arises  from 
the  sediments.    When  accumulated  in  sufficient  quantity,  and  sub- 
jected to  sufficient  pressure,  they  will  not  keep,  but ''  ferment" — 
undergo  metamorphism,  evolving  their  included  gases  and  latent 
heat,  as  inevitably  as  a  moistened  haystack  undergoes  spontaneous 
combustion. 

The  nucleus  cannot  act  where  it  is  not.  Each  layer  of  sediment 
was  once  the  surface,  and  had  its  temperature.  The  temperature 
of  the  surface  is  augmented  only  one-twentieth  of  a  degree  (F.) 
by  escape  of  heat  from  beneath.  Herschel's  hypothesis  requires 
us  to  suppose  that  cold  layers  being  spread  on,  so  prevents  the 
escape  of  this  one-twentieth  that  it  finally  fuses  rock.  If  volcanic 
heat  came  from  the  interior,  the  supposed  ''lines  of  weakness"  would 
be  lines  of  strength. 

The  warrant  for  assuming  that  the  antecedent  form  of  volcanic 
force  is  the  solar  energy  that  crumbled  the  old  rocks  into  sediments, 
is  on  the   surface  of  nature  and  in  the  deepest  generalizations  of 
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science.  A  block  of  ice,  differing  from  water  as  granite  differs 
from  mud,  is  disintegrated  by  solar  energy,  which  is  conserved 
latent  in  the  water  product,  and  evolved  again  by  the  metamor- 
phism  of  the  water  into  ice.  Carbon-dioxide  is  disintegrated  into 
carbon  and  oxygen  in  the  plant  leaf,  and  the  solar  force  so  ex- 
pended reappears  as  heat  and  light  when  the  carbon-dioxide  is 
reproduced.  According  to  thermo-chemical  laws,  the  energy  re- 
quired to  disintegrate  a  compound  is  the  measure  of  the  stability 
of  the  chemical  union,  and,  at  the  same  time,  of  the  heat  evolved 
by  the  combination.  Great  energy  is  absorbed  in  disintegrating 
granite  into  mud,  therefore  great  heat  will  be  given  off  when  mud 
transforms  to  granite. 

The  sun  is  the  ^^tooth  of  time"  that  crumbles  mountains.  It 
acts  indirectly,  through  organic  substances  in  the  soil  and  in  sea 
mud,  to  digest  minerals  or  to  advance  them  to  the  verge  of  solu- 
tion. But,  just  as  in  the  photographic  process  the  silver  compound 
requires  a  developer  to  complete  the  disintegration  which  the 
light  has  begun,  so  the  force  latent  in  the  crumbled  mineral  may 
remain  inert  till  subjected  to  plu tonic  conditions. 

This  included  latent  energy  ensures  the  continued  existence  of  an 
active  plastic  layer  under  deep  sediments,  and  the  ^^aqueo-igneous 
softening  or  even  melting,  not  only  of  the  lower  portion  of  the 
sediments  themselves  but  of  the  underlying  strata  upon  which  they 
were  deposited^'* — a  process  so  well  desciibed  and  sustained  by 
Hunt,  LeConte,  Dutton  and  others.  This  has  been  the  earth's 
structure  from  the  beginning  of  geological  history,  and  subsidences 
and  upheavals  have  been  constantly  in  progress.  Sediments  hav- 
ing subsided  under  the  sea,  where  there  is  no  drainage,  necessarily 
include  much  water.  At  the  depth  of  from  five  to  twelve  miles 
they  are  subjected  to  enormous  pressure,  ^'and  in  pressure"  as 
Powell  remarks,  ^'we  have  conditions  for  chemical  change  analo- 
gous to  the  conditions  produced  by  melting." 

The  most  stable  compounds  are  formed,  and  great  heat  evolved 
thereby  ;  the  water  is  raised  above  its  critical  point,  and  the  mud, 
dissolved  in  it  without  material  absorption  of  heat.  Crystallization 
sets  in,  and  the  hardest  and  most  condensed  minerals  being  formed, 
there  is  further  great  increase  of  temperature.  Deposits  of  car- 
bon, petroleum  shales,  etc.,  combining  with  the  oxygen  dissolved 
in  the  water  substance,  or  partially  reducing  peroxidized  metals, 
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still  further  augment  the  temperature.  There  is  the  greatest  pos« 
sible  economy  in  these  operations — more  even  than  in  the  chemical 
reactions  in  the  animal  body.  When  quicklime  combines  with 
water  great  amounts  of  heat  are  lost  by  radiation  and  the  expansion 
of  part  of  the  water  into  clouds  of  steam.  Combustion  in  the  open 
air  is  attended  with  still  greater  waste  from  radiation,  conduction, 
convection,  expansion  of  the  combustion  product,  and  the  heating 
of  four  parts  of  nitrogen  to  one  of  active  oxygen.  But  in  pUitonic 
reactions  there  is  wonderful  conservation,  loss  from  conduction  only 
remaining,  radiation  and  convection  being  cut  off,  and  all  the  pro- 
ducts being  prevented  by  the  pressure  from  expanding.  Beds  of 
limestone  being  dissolved,  the  lime  unites  with  silica  and  alumina 
to  form  pyroxenic  minerals ;  while  the  carbon  dioxide,  water  and 
other  components  of  the  atmosphere — dense  as  liquids — are  con- 
tinually excreted  into  the  mother  liquor,  or  ground  mass,  as  the 
cr3'stallization  proceeds,  which  thus  becomes  more  and  more  ex- 
plosive. If  portions  of  the  magma  are  forced  out  during  the 
earlier  stages,  it  will  probably  be  an  intermediate  or  undifferentiat- 
ed lava  like  andesite,  and  great  explosive  energy  and  much  ashes 
exhibited.  The  cover  of  the  active  "fire  sea"  will  be  made  of 
beds  of  gneiss  followed  above  by  mica  schist  shading  into  the  un- 
changed beds  in  the  regions  of  diminished  pressure  nearer  the 
surface. 

The  magma  may,  in  the  lapse  of  a  volcanic  cycle,  undergo  dif- 
ferentiation. Pyroxenic  minerals  may  sink,  and  acidic  minerals 
may  float  up  through  the  mother  liquor,  as  suggested  by  King. 
The  excreted,  explosive  ground-mass,  being  lighter  than  the  over- 
lying strata  will  force  a  passage  to  the  surface  and  discharge  its 
steam  and  gases,  a  proportion  of  the  crystals  necessarily  floating 
up  in  it.  Great  quantities  of  acidic  and  granitic  magma,  becoming 
lighter,  may  be  squeezed  up  as  the  core  of  a  range  from  beneath 
the  heavier  subsiding  rocks  of  the  adjoining  basin,  as  explained 
by  Button. 

The  slowly  rising  colloid  mass  will  plicate  the  overlying  beds, 
coming  between  their  edges  like  a  vast  dyke,  and  pushing  them 
laterally  from  the  axis  of  the  growing  chain,  while  the  region  is 
slowly  rising  out  of  the  sea,  and  while  eruptions  are  frequent 
in  beds  still  above.  Richthofen's  "natural  order  of  succes- 
sion of  volcanic  products,"  is  the  necessary  outcome  of  these 
operations. 
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If  this  chemical  hypothesis  is  sustained  by  future  research,  our 
view  of  the  earth's  system  of  circulation— of  waste  and  repair, 
compensation  and  recuperation  becomes  more  and  more  grand 
and  complete.  The  wasted  land  is  perpetually  renewed  from  the 
sea  bottoiA.  The  carbon  dioxide  and  with  it  the  vital  oxygen — the 
food  of  plants  and  the  life  of  animals — are  perpetually  restored 
again  to  the  atmosphere.  The  gems  and  minerals  that  are  des- 
troyed by  time  are  perpetually  renewed  from  their  dust.  The 
earth's  interior  is  being  heated  in  some  areas,  while  it  is  cooling 
in  others.  The  sun  is  seen  to  be  a  source  of  life  to  the  earth  as  well  as 
to  plants  and  animals.  There  arises  from  the  contemplation  that 
broader,  deeper  view,  which  inspired  Hutton  to  declare  that  ^Hhe 
Author  of  Nature  may  put  on  an  end,  as  he  no  doubt  gave  a  be- 
ginning to  the  present  system ;"  but  we  do  not  discover  that  any 
germs  of  destruction  have  been  planted  in  the  constitution  of 
things. 


British   earthquakes  and  their  seismic  relations.     By  Prof. 
Richard  Owen,  New  Harmony,  Indiana. 

[▲B8TKACT.] 

In  Mallet's  '^Catalogue  of  Earthquakes",  899  are  recorded  as 
having  occurred  in  Great  Britain,  between  the  year  1042  and  1842. 
This  includes  those  occasions  during  which  Comrie,  in  Scotland, 
was  shaken,  thus  making  an  average  of  about  one  for  every  two 
years. 

The  object  of  the  present  paper  is  to  show  that  as  many  as  315 
of  these,  or  nearly  three-fourths,  are  more  or  less  connected  with 
a  G.  C.^  passing  from  ever-active  Stromboli,  through  the  pole  of 
the  land  hemisphere  at  Monte  Rosa  (Switzerland)  skirting,  on  its 
way,  the  east  coast  of  England,  and  traversing  in  its  northerly 
course  the  middle  of  Scotland ;  thence  reaching  Iceland.  The 
probability  of  this  connection,  the  paper  undertakes  to  prove,  by 
giving  the  approximate  synchronism  of  other  localities  along  that 
line,  when  eastern  Great  Britain  is  agitated. 

In  order  to  make  these  facts  more  clear,  the  unabbreviated  paper 

^As  in  former  papers,  a  great  cirole  of  the  earth  is  abbreviated  to  G.  G. 


\ 


GEOLOGT  AND  OEOGRAPHT.  439 

gives  a  synopsis  of  eight  continuously  active  volcanoes  (Sangay, 
Fogo,  etc.)  ;  fourteen  of  the  best  known  remittingly  active  (such 
as  Bourbon,  Santorin,  Etna,  etc.)  ;  eight  prehistorically  active 
localities,  as  proved  by  geological  evidence  (Eifel,  Auvergne,  N. 
W.  Scotland,  etc.)  and  eleven  or  more  land  areas,  or  volcanoes, 
suddenly  elevated,  during  the  historical  period :  e.  ^.,  UUah  Bund, 
in  the  Cutch,  Jorullo,  Monte  Nuovo  and  the  like. 

The  paper  then  examines  in  detail  the  peculiar  position  of  forty 
places  or  more,  that  are  either  noted  for  the  frequency  of  their 
earthquakes,  as  Caracas,  Scios,  Smyrna,  etc.,  or  for  earth  tremors 
sometimes  continuing  almost  daily  for  months,  such  as  occur  at 
Comrie  in  Scotland,  Janina  in  Epirus,  Lnnrde  in  Norway,  Comorn 
in  Hungary,  etc.,  places  generally  situated  at  the  intersection  of 
two  seismic  6.  C's,  and  at  the  outcrop  between  two  different  geo- 
logical formations. 

An  additional  object  will  be  to  show  that  the  remaining  eighty- 
four  British  earthquakes  of  that  period,  in  Mallet's  Catalogue, 
were  probably^  influenced  by  the  passage  through  Great  Britain,  or 
proximity  to  its  coasts,  of  four  other  seismic  6.  C*s.  The  ten- 
dency of  seismic  movements  to  follow  G.  C's  is  shown  in  my  paper 
on  Seismology,  read  at  the  Montreal  meeting^;  also  in  a  com- 
munication to  the  Scientific  American  Supp.,  when  discussing  the 
earthquakes  of  18833.  These  G.  C's  denote  activity,  along  the  belt, 
as  frequently  through  evidences  of  upheaved^  as  of  depressed  or 
fractured  zones.  In  fact,  whenever  land  is  elevated,  there  must  be 
a  consequent  sinking  at  no  great  distance,  either  longitudinally  or 
laterally  :  e.  ^.,  the  elevation  of  Europe  and  Asia,  necessitated  the 
Caspian  Sea  depression  ;  the  gradual  rise  in  northern  Scandinavia 
compelled  the  gradual  sinking  along  the  northwest  coast  of  Eu- 
rope/ The  present  unabridged  paper  gives  in  detail  the  topog- 
raphy and  geology  of  those  five  G.  C's,  of  which  the  following 
abstract  may  offer  some  idea. 

1.  The  Azores-Asonoyama  belt.  Topography:  A  G.  C,  pass- 
ing from  the  initial  focus  of  land-forming  in  Norway^,  and  running 
S.  30®  W.  toward  the  N.  W.  coast  of  Scotland  and  Ireland,  coin- 

*  See  Vol.  XXXI,  Pt.  2nd,  page  880  e<  «eg.  of  Proc.  A.  A.  A.  S. 

tissue  of  March  29, 1884. 

«  See  ninp  page  26  of  Reclus  "Earth". 

«  Vol.  XXIX,  Part  2ocl,  page  441  et  seq.  Boston  Proc.  A.  A.  A.  S. 
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cides  with  the  average  parallel  fissures  laid  down  by  the  late  Evan 
Hopkins,  C.  P^.,  on  his  map  of  Great  Britain,  as  the  direction  of 
^^old  lamination  of  rocks,  cleavage  planes,  etc."^  It  connects  the 
Azores  with  the  volcano  of  Asonojama  and  others  in  S.  Japan  ; 
and,  in  conjunction  with  the  other  radii  from  the  Norwegian  focus, 
aided  in  giving  configuration  to  the  Scandinavian  Peninsula. 

The  Geology  of  this  G.  C.  chiefly  marks  the  junction  between 
Archaean  and  Paleozoic  in  Scotland^,  Ireland  and  the  mountains 
of  Brazil  (Paleozoic). 

2.  The  Orizaba-Ormuz  belt.  Topography:  This  G.  C.  which 
radiates  N.  30®  W.  from  Tatra,  the  geographical  centre  of  Europe,® 
passes  through  Newcastle-upon-Tyne  (probably  causing  the  90 
fathom  dike).  Isle  of  Man  and  Northern  Ireland,  reaching  the 
region  of  Orizaba  and  other  Mexican  volcanoes.  Extended  from 
Tatra  S.  30°  E.,  besides  passing  through  the  extinct  volcanic  region 
of  Armenia,  and  the  oft-shaken  towns  of  Persia,  it  reaches  the 
volcanoes  of  the  Persian  Gulf.^  This  G.  C,  in  passing  through 
G.  Britain,  accords  with  Hopkins'  average  lines  marked  ^^direction 
of  old  fractures  :"  they  run  at  right  angles  to  the  cleavage  planes 
of  No.  1. 

Geology :  The  G.  C.  from  Tatra,  especially  southeasterly  flank- 
ing the  Carpathians  and  northwesterly  along  the  Sudetes,  Riesen- 
gebirge,  etc.,  marks  the  junction  between  Mesozoic  and  Cenozoic, 
(Cretaceous  and  Teitiary),  while  the  northeasterly  and  southwest- 
erly radii  trace  mainly  Cretaceous  areas. 

3.  The  Stromboli-Heckla  belt.  Topography:  This  most  import- 
ant G.  C.  radiates  from  Mt.  Rosa  N.  30°  W.  through  Belgium, 
E.  England  (Colchester,  Lincoln  and  York  mark  the  medium 
strand  of  the  belt)  through  Perthshire  in  Scotland  and  reaches 
Iceland.  From  Rosa,  S.  30°  E.,  it  passes  near  the  W.  coast  of 
Italy,  to  the  Lipari  Islands,  including  Sicily  and  Calabria  in  the 
belt.  The  lines  on  Hopkins'  map  which  correspond  in  direction 
with  this  G.  C.  are  marked  as  ^^direction  of  recent  cross  courses 
and  splits." 

*  Hopkins'  Geology,  page  61  and  map  on  Plate  VI. 

^  For  the  former  geographical  connection  between  Norway  and  Scotland,  see  pp.  110 
and  111  of  A.  Gelkie's  Geol.  Sketches,  also  the  map  in  the  Textbook,  p.  460  of  A.  Geikie, 
Director  Brit.  Geol.  Survey. 

>  Boston  Proc.  A.  A.  A.  8.  p.  441  et  seq. 

*Laid  down  at  Mallet's  Map  as  being  near  Straits  of  Ormoz. 


^c^£re^  ,4rj^  «^eva^Wc/ 
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Geology:  Cenozoic,  as  it  has  mainly  brought  Tertiary  to  the 
surface  in  Sicily,  along  the  flanks  of  the  Apennines ;  also  at  Berne, 
B&le,  in  Belgium,  Lincolnshire  (England)  and  Yorkshire  even 
beyond  Hull. 

4.  The  Santorin-Colima  belt.  Topography:  Emanating  from 
Rosa  N.  60°  W.  this  G.  C.  traverses  France  and  the  S.  W.  of 
England,  and  extends  to  Mexico,  somewhat  North  of  the  vol- 
cano Colima ;  running  South  60°  East,  it  connects  Janina  with 
Santorin. 

Geology :  It  marks  Tertiary  in  parts  of  Greece,  in  Thessaly  and 
Albania  (Turkey),  in  Lombardy  (Italy),  at  Dijon,  Orleans,  etc., 
in  France. 

6.  The  Fogo-Tongariro  belt.  Topography:  This  is  one  of  the 
equidistant  continental  trends,^^  which,  passing  near  the  volcanoes 
of  Tongariro^^  in  New  Zealand,  skirts  the  east  coast  of  South 
America,  traverses  the  ever  active  Fogo,  the  Canaries,  the  sub- 
marine volcanic  area  in  the  Atlantic,  the  earthquake  region  of 
f  Lisbon,  and  is  prolonged  through  the  Bay  of  Biscay,  N.  W.  coast 

of  France  and  Belgium  to  Denmark,  etc.  It  coincides,  in  its 
general  trend  with  the  lines  marked  by  Hopkins,  in  his  map  of  G. 
Britain,  as  ''the  average  direction  of  most  recent  fractures,  lodes, 
etc." 

Geology :  Its  geology  is  chiefly  Cenozoic  in  the  Cape  Verd  and 
Canary  Islands,  Valadolid  (Spain),  Valleys  of  the  Adour,  Gar- 
onne and  Seine  (France),  portions  of  Belgium,  Holland  and  Den- 
mark, indicated  on  Sir.  R.  Murchison's  map  of  Europe  as  Miocene 
Tertiar}'. 

APPROXIMATE   SYNCHRONISM. 

To  prove  the  synchronism,  the  paper  enumerates  fifty,  or  more, 

dates  of  British  earthquakes  on  these  G.  C's  with   simultaneous 

earthquakes  (or  those  at  least  approximately  synchronous  with 

\  the  British  shocks)  at  other  places  along  the  same  line.     In  an 

abstract  only  a  few  examples  can  be  given : 

Approximate  Synchronism.     L  Ongreatarde  No.3. 
A.  D.  1186.     Middle  Sept.    England,  Calabria  and  Malta. 
1426.     Sept.  29.  Great  Britain  and  Naples. 

^^  Described  in  Boston  Froc.  A.  A.  A.  S.  at  page  339. 

1^  Stated  in  Reclus'  Earth,  page  438,  to  be  constantly  active.  Kerry  Nichols,  fh>in  a 
recent  personal  ascent  of  Tongariro,  gives  the  same  testimony,  in  bis  work  on  the 
'*King  Country"  of  N.  Zealand. 
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1731.  Oct.  17,  Naples;  Oct.  19,  Northamptonshire ;  Oct. 
21,  Northamptonshire  and  Bloxham. 

1750.  Se^t.  3,  Lincoln  and  Nottingham;  Oct.  11,  From 
Lincoln  to  Northamptonshire ;  same  date  Italy,  Naples. 

1 792.  Mch.  1 ,  Doncaster,  Nottingham,  Stamford,  Lincoln , 
Leicester,  Bedford,  all  at  same  hour. 

1818.  Feb.  20,  Lincolnshire,  Catania,  Calabria  and  Malta ; 
Etna  quiet  from  1811  until  this  date. 

1828.     May  13,  Berne ;  20,  Dumfries ;  22,  Soleure. 

1834.  Aug.  23,  Vesuvius ;  24,  Perthshire ;  27,  Chichester ; 
also  Sept.  21,  Oct.  5,  and  Jan.  12,  1835  ;  same  day  Tuscany. 

1839.  May  20,  Calabria;  22  and  24,  Scotland  (Creiff) ; 
June  11,  Manchester,  same  day  Bome ;  12,  Manchester. 

1842.    Jan.  23,   Naples  and  shocks  in  Comrie ;   Aug.  26, 
Calabria ;  27,  Comrie ;  Nov.  29,  Calabria  and  Comrie ;  Dec.  4, 
Comrie;  5,  Naples;  9,  Etna;  17,  Comrie;  26,  Naples. 
J/.     Synchronism  connected  with  Scandinavian  O.  C  No.  1. 

1819.  Nov.  28,  Perthshire ;  Dec.  3,  Norway ;  4,  Scotland ; 
17,  Norway. 

1820.  Jan.  20,  Norway ;  22,  Scotland. 

1826.    Nov.  5,  Lunroe  (Norway)  ;  Arran  (Scotland). 

III.  Connected  with  Tatra  O.  C.  No.  2. 

1786.  Aug.  11,  Newcastle,  Lancaster,  Whitehaven,  Isle  of 
Man,  Dublin  ;  22,  Upper  Silesia  and  Moravia. 

1821.  Oct.  28,  Saxony,  shocks  from  S.  E.  to  N.  W;  29, 
Glasgow  and  Greenock;  30,  Saxony. 

IV.  Connected,  with  O.  C.  No.  4. 

1762.  Mch.  16,  Wexford  (Ireland);  20,  Shaftesbury, 
Doraetshire,  England. 

1789.     Mch.  31,  Venice;  May  5,  Devonshire. 

1612.     Aug.  11,  Switzerland  and  Shropshire  (England). 
■  F.     Connected  with  O.  C.  No.  5. 

1671.  Sept.  18,  English  channel,  St.  Malo,  Havre,  Calais, 
Dunkirk,  Antwerp. 

1692.  Sept.  18,  Normandy  (France),  England,  Flanders, 
Holland. 

1734.    Nov.  5,  Sussex,  Portsmouth,  Chichester,  Havre,  etc. 
A  map  is  added  to  render  the  description  more  intelligible :  the 
solid  lines  indicate  the  5  G.  C's  above  described,  and  the  broken 
lines  represent  the  radial  fissures  from  Norway,  Tatra  and  Rosa. 
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Corollary,  1.  To  show,  as  stated,  that  a  large  ratio  of  the  earth's 
seismic  movements  are  transmitted  along  the  pole  of  land  hemi- 
sphere, we  may  count  the  total  number  of  shocks  in  a  given  term 
of  years,  and  then  see  how  many  pass  through  Switzerland.  Thus 
counting  from  Jan.  1650  to  1670,  Mallet  gives  175  earthquakes  as 
the  total  on  record  for  that  period,  of  which  73  traverse  Switzer- 
land.i2 

2.  Attention  may  be  called  in  connection  with  the  late  earth- 
quake which  passed  Aug.  10,  1884,  through  New  England,  New 
York,  Philadelphia,  etc.,  as  furnishing  additional  proof  that  seis- 
mic movements  usually  follow  G.  C.  This  one  was  transmitted  along 
one  of  the  five  equidistant  continental  trends^^  (which  runs  from 
Iceland  to  Guatemala's  volcanoes),  passing  near  the  oft-shaken 
E.  Haddam  (Conn.),  parallel  to  our  Atlantic  seaboaix),  and  gen- 
erally marks,  along  the  base  of  the  Appalachians,  the  line  between 
the  Paleozoic  and  Mesozoic  formations.  On  the  opposite  side  of 
the  globe  it  passes  near  the  Caspian  ^^Field  of  Fire,"  and  the  Ullah 
Bund  of  the  Cutch,  and  runs  between  the  Paleozoic  of  the  Western 
Ghauts  and  the  later  outflows  of  the  Deccan. 


The  ultimate  results  of  comvertimo  the  basin  of  Sahara  into 

AN     INLAND    LAKE.        By    Dr.     P.    H.   VaN  DER    WeYDE,  NcW 

York,  N.  y. 

[ABSTRACT.] 

Calculations  have  been  bix>ught  forward  tending  to  show  that 
the  filling  up  of  such  portions  of  the  Desert  of  Sahara,  as  are  below 
the  ocean  level,  with  sea  water,  will  cause  injurious  results  by  in- 
ducing a  perceptible  lowering  of  the  ocean  level,  and  a  great 
disturbance  of  the  terrestrial  centre  of  gravity  by  withdrawing  so 
much  water  from  the  general  surface  and  leading  it  into  the  depres- 
sion now  existing.    But  a  careful  consideration  of  the  correct 

1*  The  ratio  is,  however,  much  leas  at  some  other  period,  «.  g,,  trom  180i>1822,  it  iB 
only  85  in  1000.  For  the  probable  oause  of  this  discrepancy,  see  my  Montreal  paper  in 
Froc.  A.  A.  A.  S.,  p.  S34. 

>*  See  Boston  Froc.  A.  A.  A.  S.,  p.  439. 
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figures  show  that  such  objections  are  based  upon  an  overestimate 
of  the  amount  of  water  to  be  displaced,  of  which,  great  as 
it  is,  the  result  could  only  be  perceived  by  the  most  delicate 
appliances  of  the  present  day  and  would  have  no  effect  of  any 
practical  importance. 

The  results  referred  to  are  a  slight  shifting  of  the  direction  of 
the  plumb  line  around  the  great  circle  90°  distant  iVom  the  Sahara, 
towards  the  latter ;  while  the  effect  would  be  a  slight  raise  of  the 
level  of  the  Mediterranean,  Red  Sea  and  ocean  around  northern 
Africa  with  a  corresponding  lowering  of  its  level  at  the  antipodes. 

There  is,  however,  another  consideration  which  thus  far  appears 
to  have  been  overlooked.  It  is  based  on  the  fact  that  the  saltness 
of  the  ocean,  and  of  some  lakes,  is  a  result  of  the  drainage  of  the 
land,  out  of  which  the  rains  continually  wash  all  soluble  material, 
which  the  rivers  carry  into  them,  and  where  it  has  to  remain, 
because  evaporation  can  only  remove  the  water.  All  inland  lakes, 
without  outlet  to  the  ocean,  are  therefore  salt,  and  the  degree  of 
this  saltness  is  in  certain  respects  a  measure  of  the  amount  of 
soluble  material  in  the  watershed  which  is  drained  into  them.  So 
the  salt  lake  of  Utah,  which  is  a  saturated  solution,  shows  the 
abundance  of  salt  in  its  watershed.  It  is  the  same  with  the  Dead 
Sea,  while  the  Caspian  Sea,  in  which  the  proportion  of  salt  is 
much  smaller  than  it  is  in  the  ocean,  shows  that  the  amount  of 
salt  in  the  basin  of  the  Volga  is  less  than  it  is  in  the  rest  of  the 
earth's  solid  surface. 

The  Salt  Lake  of  Utah,  as  is  well  known,  is  the  remnant  of  a  large 
lake  which  once,  at  a  much  higher  level,  covered  a  very  extensive 
territory.  Notwithstanding  the  soluble  material  of  its  watershed 
has  been  mostly  washed  out,  and  that  at  present  it  receives  only 
supplies  of  comparatively  pure  water,  the  crystallization  of  salt 
around  its  shore  is  profuse,  while  the  lake  is  still  contracting  (of 
course  temporarily  only,  until  the  evaporation  has  become  equal 
to  the  supply) . 

The  fatal  results  of  admitting  salt  water  upon  low  lands  have 
often  been  practically  illustrated.  So  in  Egypt  the  low  basin 
near  Alexandria,  originally  the  bed  of  one  of  the  Nile's  outlets, 
bad  been  drained  by  evaporation,  after  damming  up  the  Mediter- 
ranean at  the  north,  and  the  Nile  at  the  southeast.  It  was  once 
a  most  fertile  region  containing  a  dense  agricultural  population, 
until,  during  one  of  the  wars  periodically  devastating  that  much 
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coveted  region,  the  northern  dam  was  cut  for  strategical  reasons. 
This  gave  admission  to  the  salt  waters  of  the  Mediterranean  and 
resulted  in  a  concentration  of  its  salt  by  evaporation,  so  that  after 
restoring  the  dam,  the  soil  was  found  to  be  charged  with  such  an 
excess  of  salt  as  to  be  utterly  worthless  for  agricultural  purposes ; 
consequently  the  many  villages,  once  dotting  the  locality,  were 
never  rebuilt,  and  it  is  now  equivalent  to  a  desert,  similar  to  our 
bad  lands  in  the  west.  The  reestablishmeut  of  the  Nile  connec- 
tion, resulting  in  a  restoration  of  the  original  conditions,  might 
redeem  this  locality. 

Experience  has  shown  in  Holland  (where  as  well  known,  the 
drainage  of  salt  and  marshy  lakes  and  gulfs  is  a  specialty)  that  it 
takes  several  years  of  artificial  drainage  (consisting  in  continually 
pumping  out  the  otherwise  accumulating  rain  water)  to  wash  out 
the  excess  of  salt,  in  order  to  convert  the  soil  into  the  rich  pasture 
land  originally  formed  by  the  alluvium  of  the  Rhine,  Meuse  and 
Scheld. 

With  such  facts  before  us,  we  can  easily  foresee  what  the  ultimate, 
unavoidable  result  will  be,  when,  by  the  contemplated  channel  to 
the  Mediterranean,  the  lower  basins  of  the  desert  of  Sahara  have 
been  filled  with  ocean  water.  The  evaporation  being  excessively 
rapid  in  this  arid  and  rainless  region,  it  will  go  on  at  an  enormous 
rate  as  soon  as  the  depression  is  filled  to  almost  the  ocean  level, 
which,  however,  it  will  never  reach  for  reason  of  the  evaporation ; 
this  will  cause  the  ocean  water  to  flow  continually  through  the 
channel  to  replace  the  water  removed.  The  result  will  be  a  lake  of 
which  the  saltness  will  continually  increase,  and  in  a  few  decades 
reach  a  point  of  saturation,  when  crystallization  along  its  shores 
will  begin,  forming  a  belt  of  salt  around  its  whole  extent. 

This  belt  will  rapidly  increase  in  width,  so  that  in  a  few  centuries 
the  original  lake  will  have  contracted  to  its  deepest  portions,  while 
at  last  it  will  disappear,  leaving  in  place  an  immense  deposit  of 
salt.  It  is  not  unlikely  that  the  great  salt  deposits,  from  which  at 
present  rock  salt  is  mined,  had  a  similar  origin  from  natural  causes. 
In  fact,  the  experiment  to  transform  the  Sahara  Desert  into  a  lake 
will  be  the  construction  of  an  enormous  salt-pan,  which  may  lead 
to  a  perceptible  reduction  of  the  salt  contained  in  the  ocean. 

It  has  been  argued  that  this  evaporation  would  change  the 
climate  of  the  surroundings,  and  bring  rain  into  thus  far  rainless 
localities.    This  is  undoubtedly  so,  but  the  amount  of  rain  thus 
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obtained  woald  never  eqaal  the  evaporation,  and  being  insufficient, 
it  would  only  retard,  but  not  prevent  the  ultimate  result  described, 
of  a  lake  in  the  torrid  zone,  chiefly  supplied  with  sea-water. 

Whether  the  change  of  the  sandy  desert  of  Sahara  into  a  salt 
desert  is  desirable  is  a  question  which  I  leave  to  others  to  solve. 
For  my  part  I  do  not  think  that  posterity  would  bless  us  for  such 
a  legacy. 


On  the  relative  level  of  the  Atlantic  Ocean  and  Gulf  of 
Mexico,  with  remarks  on  the  Gulf  Stream  and  deep- 
sea  TEMPERATURES.  By  J.  E.  HiLOARD,  Superintendent  U. 
S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. 

[ilBSTRACT.] 

Explanation  of  Relief  Model,  embracing  Bay  of  North  America, 
Gulf  of  Mexico,  and  United  States  east  of  the  Mississippi  River, 
and  critical  remarks  on  the  same ;  submergence  of  the  continental 
outline ;  fracture  of  Acadian  peninsula  extending  to  submerged 
continents ;  estuaries  of  the  Delaware  and  Chesapeake ;  sounds  of 
North  Carolina. 

Basin  of  the  Gulf  of  Mexico,  its  barriers  and  depths ;  banks  of 
Florida,  Louisiana,  Yucatan  ;  protrusion  of  Mississippi  delta ; 
temperatures  of  the  water  of  the  Gulf  of  Mexico  near  the  bottom 
and  on  the  barriers  of  inflow. 

Depths  and  temperatures :  Are  the  low  deep-sea  temperatures  due 
to  polar  currents,  or  to  maximum  density  of  sea  water? 

Relative  level  of  the  Atlantic  and  Gulf  of  Mexico ;  account  of 
operations  conducted  by  the  Coast  and  Geodetic  Survey  to  ascer- 
ceitain  the  precise  difference  of  level  between  the  Atlantic  and 
Pacific  Oceans. 

Transcontinental  line  of  levels  of  extreme  precision  extends  from 
Sandy  Hook  as  far  west  as  middle  Missouri ;  branch  to  Hampton 
Roads.  Height  of  bench  mark  at  St.  Louis  above  mean  tide  at 
Sandy  Hook  three  feet ;  comparison  of  the  same  with  other  data. 
Precise  line  of  levels  from  Gulf  by  Mississippi  River  Commission 
along  the  river  shows  an  elevation  of  the  Gulf  of  Mexico  near  the 
mouth  of  the  Mississippi  above  mean  tide  at  Sandy  Hook  of  about 
forty  inches.  More  direct  line  of  geodetic  levels  from  Mobile 
to  St.  Louis  in  progress. 
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Whatever  the  causes  which  produce  the  Gulf  Stream,  they  must 
effect  an  elevation  of  the  Gulf  above  the  Atlantic  in  order  to 
occasion  the  outflow.  That  physical  fact  is  here  demonstrated 
by  accurate  measurement. 

Description  of  Gulf  Stream.  The  North  Atlantic  trade  winds 
set  the  waters  of  the  Caribbean  Sea  against  the  *''  Spanish  Main  " 
(Central  America)  which  are  deflected  northward  along  the  coast  of 
Yucatan,  and  then  flow  through  the  straits  between  Yucatan  and 
Cuba  to  the  Gulf  of  Mexico,  thence  through  the  Florida  Straits 
and  Bemini  Channel  into  the  Atlantic  Ocean,  forming  what 
is  known  as  the  ''  Gulf  Stream."  The  part  which  the  Gulf  of 
Mexico  has  in  this,  is  mainly  that  of  a  reservoir  or  *^  accumu- 
lator," maintaining  the  outflow  at  a  more  uniform  rate  than  the 
assigned  cause  would  admit  of  without  such  a  reservoir. 

Description  of  a  scheme  of  observations  to  be  made  in  order  to 
yield  a  knowledge  of  facts  leading  to  a  more  precise  explanation 
of  the  Gulf  Stream. 


RkCCKT  IXPROVIEKENTS   IK   APPARATUS   AKD    METHODS  OF   SOUNDING 

OCEAN  DEPTHS.    Bv  Daniel  Ammen,  Bear  Admiral,  U.  S.  N., 
Washington,  D.  C. 

[ABSTRACT.] 

On  September  fifth,  1885,  in  Philadelphia,  at  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  there  was 
read  by  the  writer,  to  the  geographical  section,  a  paper  with  the 
above  title,  of  which  the  following  is  an  abstract : 

More  than  thirty  years  ago  the  intended  laying  of  the  Atlantic 
telegraph  cable  had  awakened  a  general  as  well  as  a  special  in- 
terest ID  relation  to  ocean  depths  and  in  gaining  a  knowledge  of 
them,  and  at  that  time  fair  results  were  obtained  in  the  North 
Atlantic  by  Lieutenant  Benyman  of  the  navy  and  others,  the 
depths  not  being  great.  A  simple  and  eflfective  method  of  de- 
taching a  sinker,  by  Lieutenant  Brooke,  and  an  improved  cap  for 
secaring  specimens  of  the  bottom,  by  the  late  Bear  Admiral  Sands, 
were  brought  into  use  about  that  period. 

In  1871,  Sir  William  Thomson  designed  a  dynamometer  and 
apparatus  for  the  employment  of  pianoforte  wire   for  soanding, 
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with  which  satisfactory  results  were  obtained  in  depths  of  1,000 
fathoms  off  the  coast  of  Scotland,  and  later  on,  in  true  ocean 
depths  in  the  Bay  of  Biscay.  The  weight  of  wire  was  fourteen 
and  one-half  pounds  per  marine  mile,  whicli  would  bear  a  tension  of 
about  230  pounds.  In  sounding,  a  sinker  of  lead  of  twenty-seven 
pounds  was  used  which  was  hauled  up,  as  usual,  in  ordinary 
sounding.  His  apparatus  and  wire,  compared  with  any  means  for 
deep-sounding  then  known,  were  wonderfully  light,  and  have  since 
shown  themselves  to  be  all  that  were  requisite  for  effective  work, 
with  some  simple  modifications  made  by  Captain  Belknap,  U.  S.  N., 
who,  on  board  of  the  Tuscarora.  made  a  line  of  soundings  from 
San  Diego  to  the  Sandwich  islands,  and  thence  to  Yoko- 
hama,  and  from  the  northern  end  of  the  Island  of  Niphon  to  the 
Aleutian  islands,  and  thence  to  Puget  sound.  He  also  deter- 
mined the  true  continental  outline  from  the  last  named  locality  to 
San  Diego,  California. 

In  the  execution  of  this  work  he  took  304  soundings,  having  a 
depth  of  1,000  fathoms  or  more ;  161  of  2,000  fathoms  or  more; 
38  of  3,000  fathoms  or  more,  and  9  of  4,000  or  more.  The  mean 
rate  of  descent  for  the  first  thousand  fathoms  was  10'  06'' ;  for 
the  second  thousand  fathoms  11' 54'';  for  the  third  thousand 
12' 46",  and  for  the  fourth  thousand  15' 54".  The  reeling  in  by 
hand  was  much  slower  than  now  attained  by  the  use  of  steam,  but 
was  satisfactory  to  a  degree  when  compared  with  the  reeling  in 
of  hemp  line  by  whatever  means.  The  deepest  sounding  made  by 
Belknap  and  perhaps  as  ever  made,  was  off  the  east  coast  of 
Japan  in  4,655  fathoms,  a  littlg  more  than  five  and  one-quarter 
statute  miles  in  depth.  The  thermometer  of  the  best  construction 
known  was  entirely  wrecked  by  the  enormous  pressure. 

In  an  official  letter  when  engaged  in  sounding,  Belknap  says : 
*'*'  I  expect  to  accomplish  all  the  work  with  the  apparatus  of  Sir 
William  Thomson  which  the  Department  has  assigned  me,  and  if 
I  succeed  no  greater  compliment  could  be  paid  to  the  genius  of  the 
inventor."  Sir  William  wrote  in  July,  1874,  to  the  Chief  of 
Bureau  of  Navigation,  under  whose  instructions  the  soundings 
were  made ;  after  stating  certain  difficulties  he  had  encountered 
in  sounding  in  great  depths,  he  concludes  as  follows :  ^'  I  have 
therefore  resolved  to  alter  the  apparatus  considerably,  and  am 
preparing  for  trials  on  a  Aew  plan  which  I  hope  to  carry  out  in 
five  or  six    days  we  remain  here,  and  if  possible,  shall    write 
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you  reporting  the  result."  In  a  reply  he  was  informed  specially 
in  relation  to  the  several  modifications  made  by  Belknap  which 
enabled  him  to  get  satisfactory  soundings  in  depths  of  4,000' 
fathoms.  More  than  a  year  before,  Sir  William,  when  requested, 
had  given  kindly  assistance  toward  Belknap's  success,  and  has  at 
various  times  alluded  in  the  most  complimentary  manner  to  the 
results  obtained  by  Belknap,  and  his  modifications  of  the  appara- 
tus send  him. 

The  employment  of  this  apparatus  marked  an  immense  progress 
in  obtaining  accurate  results,  with  a  great  economy  of  time,  labor 
and  cost  of  apparatus.  On  page  61  of  the  Report  of  the  Secre- 
tary of  the  Navy,  1874,  will  be  found  a  summary  of  the  advan- 
tages gained,  in  the  small  amount  of  space  and  weight  required 
for  the  apparatus,  the  large  weight  of  the  sinker  relatively  with 
the  weight  of  the  wire  necessary,  even  in  sounding  in  the  greatest 
depths,  and  the  very  little  surface  friction  of  the  wire  in  its  de- 
scent. Miles  of  wire  have  very  little  stretch  at  ordinary  tension, 
and  hemp  line  a  great  deal,  hence  the  indications  of  the  dyna- 
mometer, in  the  first  case,  would  be  almost  instantaneous,  and  in 
the  second  would  be  obscure  and  uncertain,  as  to  time  and  depth 
when  the  sinker  touched  the  bottom.  Another  great  advantage 
was  the  ease  with  which  the  wire  was  preserved  from  deterioration. 

To  appreciate  fully  the  advance  made  through  the  use  of  wire, 
it  is  necessary  to  bear  in  mind  the  tons  of  rope  required  to  reach 
depths  of  four  or  five  miles,  its  rapid  deterioration  from  use,  the 
cumbrous  and  cosily  apparatus,  the  slowness  of  the  process  even 
under  the  most  favorable  conditions  for  sounding,  and  what  is  of 
the  greatest  import,  the  uncertainty  as  to  the  actual  depths  ob- 
tained, arising  from  the  currents  of  the  ocean  carrying  great 
bights  of  the  rope  in  one  or  more  directions,  and  from  the  stretch 
of  hemp  line  under  tension,  and  its  gradual  shortening  when  re- 
lieved of  the  weight  of  the  sinker,  relatively  light  as  compared 
with  miles  of  hemp  line,  presenting  in  its  descent  an  immense 
amount  of  surface  friction. 

Belknap  used,  as  a  weight  in  sounding,  a  bored  shot  of  fifty-five 
pounds,  through  which  the  detachable  shaft  passed ;  this  weight 
was  entirely  satisfactory  up  to  2,500  fathoms.  In  deeper  water 
twenty  and  even  thirty  pounds  of  lead  were  added,  all  of  which 
were  detached  on  touching  the  bottom,  the  shaft,  sounding  cup 
and  thermometer  being  the  only  weights  hauled  up. 

A.  A.  A.  S.,  VOL.  XXXUI.  29 
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The  able  Soperintendent  of  the  Coast  Survey  of  the  Uottetl 
States  was  not  slow  in  adopting  what  Belknap  had  shown  to  be  so 
'  admirable.  In  Aagast,  1874,  he  began  the  use  of  the  apparatus 
of  Sir  William  Tboiuson,  and  we  find  in  the  soundings  executed 
^y  Sigsbee,  Bartlelt  and  others,  a  veritable  revelation  in  the  con- 
tours and  depths  of  our  coasts.  They  have  brought  to  our  knowl- 
edge the  wonderful  cleft  in  the  crust  of  the  earth  on  the  line  of  the 
Hudson  river,  extended  one  hundred  miles  bej'ond  Sandy  Hoc^, 
and  scarcely  less  interesting,  but  not  so  startling,  are  the  plaster 
casts  of  the  Gulf  of  Mexico  and  of  the  Caribbean  sea.  The 
ocean  bed  is  shown  to  be  more  abrupt  than  the  nnsubmei^ed  ver- 
tical inequalities  of  the  land,  and  there  are  substantial  reasons  why 
this  should  be.  The  depths  of  the  ocean  are  un  visited  by  what  are 
popularly  called  ^^  cloud  bursts/'  from  which  immense  floods  are 
precipitated,  which  bear  millions  of  tons  of  debris  to  lower  levels, 
roughly  grading  the  nnsubmerged  lands,  and  indeed  beyond,  out 
to  the  contours  of  the  usually  abrupt  ocean  depths,  within 
which  the  disintegrating  effects  of  freezing  and  thawing,  and 
melting  snows  and  mountain  toiTents  are  unknown ;  where  vol- 
•canic  forces  assert  themselves  and  raise  their  pinnacles  high  in 
air,  the  sections  beneath  the  waters  sustained  laterally  by  them, 
and  remain  almost  vertical  and  undisturbed,  save  by  the  lashings 
of  the  tempest  near  the  ocean  level  and  at  great  depths  b}*  the 
slow  majestic  currents  of  the  sea,  that  bear  their  silt  and  pursue 
their  way,  and  maintain  in  part  the  equilibrium  in  some  of  the 
.forces  of  nature. 


'Deep-sea  soundings  in  the  Caribbean  Sea.    By  Comdr.  J.  R. 
Bartlett,  U.  S.  Navy,  Washington,  D.  C. 

[abstract.)] 

Description  of  chart  showing  contour  lines,  constructed  from 
soundings  taken  by  the  U.  S.  Albatross,  Lt.  Comdr.  Tanner,  U.  S. 
N.,  under  the  direction  of  the  U.S.  Hydrographic  Office,  Navy  De- 
partment. 

>  See  paper  In  Science,  Jan.  80, 1885,  Vol.  V,  No.  104. 
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The  pilot  chart  of  the  north  Atlantic  Ocean.  By  Comdr. 
J.  R,  Bartlett,  U.  S.  Navy,  Washington,  D.  C. 

[AB8TRA0T.1 

A  DESCRIPTION  of  pilot  cbart  as  now  issued  eacli  montii  from  the 
U.  S.  Hydrographic  office,  showing  graphically  the  weather  of 
the  ocean  for  the  coming  month,  and  all  information  of  interest 
to  mariners  collected  during  the  month  preceding  date  of  issue ;  also 
purpose  of  chart  in  aiding  navigators  and  in  determining  tlie 
currents  of  the  ocean  by  drift  of  wrecks,  etc.     (The  September 

chart  was  distributed.) 

* 

TITLES   OF   OTHER  PAPERS   READ    IN    SECTION  E. 

On  the  erosive  action  of  ice.  By  Prof.  J.  S.  Newberry, 
Columbia  College,  New  York,  N.  Y. 

On  some  large  and  peculiar  fossil  Wishes  from  Ohio  and 
Indiana.  By  Prof.  J.  S.  Newberrt,  Columbia  College, 
New  York,  N.  Y. 

Ox   THE  GEOLOGICAL   SURVEY  OF   NeW  JeRSBY.      By  Prof.    GeORGE 
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I.    The  Evolution  of  Organisms. 

The  general  proposition  that  life  has  preceded  organization  in 
the  order  of  time  may  be  regarded  as  establislied.  It  follows 
necessarily  from  the  fact  which  has  been  derived  from  palseonto- 
logical  investigation,  that  the  simple  forms  have,  with  few  sporadic 
exceptions,  preceded  the  complex  in  the  order  of  appearance  on 
the  earth.  The  history  of  the  lowest  and  simplest  animals  will 
never  be  known  on  account  of  their  perishability  ;  but  it  is  a  safe 
inference  from  what  is  known,  that  the  earliest  forms  of  life  were 
the  rhizopods,  whose  organization  is  not  even  cellular,  and  in- 
cludes no  organs  whatever.  Yet  these  creatures  are  alive,  and 
autliors  familiar  with  them  agree  that  they  display,  among  their 
vital  qualities,  evidences  of  some  degree  of  sensibility. 

The  following  propositions  were  laid  down  by  Lamarck,  as  es- 
tablished by  facts  known  to  him,  in  1809.^ 

I.  ''  In  every  animal  which  has  not  passed  the  term  of  its 
development,  the  frequent  and  sustained  employment  of  an  organ, 
gradually  strengthening  it,  develops  and  enlarges  it,  and  gives  it 
power  proportional  to  the  duration  of  its  use  ;  wliilst  the  constant 
disuse  of  a  like  organ  insensibly  weakens  it,  deteriorates  it,  pro- 
gressively reduces  its  functions,  and  finally  causes  it  to  disappear. 

II.  ^^  All  that  nature  acquires  or  loses  in  individuals,  through 
the  influence  of  circumstances  to  which  the  race  has  been  exposed 

>  Philoeophie  Zotflogique,  Ft  I,  p.  235  (Edit.  1830). 
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for  a  long  time,  either  by  tlie  predominant  use  of  an  organ  or  by 
tlie  disuse  of  such  part,  she  preserves  b}*  generation  among  new 
individuals  which  spring  from  it,  provided  the  acquired  changes 
be  common  to  both  sexes  or  to  those  which  produce  new  indi- 
viduals." 

The  same  proposition  was  previously  enunciated  by  Lamarck 
in  the  following  condensed  form  (Recherches  sur  les  corps  vivans, 
p.  50)  : 

'It  is  not  the  organ,  tliat  is,  the  nature  and  form  of  the  parts  of 
the  body,  which  have  given  origin  to  its  habits  and  peculiar  func- 
tions, but  it  is,  on  the  contrar}',  its  habits,  its  manner  of  life,  and 
the  circumstances  in  which  individuals  from  which  it  came  found 
themselves,  which  have,  after  a  time,  constituted  the  form  of  the 
bod}',  the  number  and  character  of  its  organs,  and  the  functions 
which  it  possesses." 

Several  years  ago,  not  having  read  Lamarck,  I  characterized 
the  above  hypothesis  as  the  ^^  law  of  use  and  effort,"  ^  and  I  have 
subsequently  formuhited  the  modus  operandi  of  this  law  into  two 
propositions.  The  first  of  these  is,  that  animal  structures  have 
been  produced,  directly  or  indirectly,  by  animal  movements,  or 
the  doctrine  of  kinetogenesis ;  the  second  is,  since  animal  move- 
ments arc  primitivel}'  determined  by  sensibility  or  consciousness, 
that  consciousness  has  been,  and  is,  one  of  the  primary  factors  in 
the  evolution  of  animal  forms.  This  is  the  doctrine  of  archcestJie- 
tism.  The  doctrine  of  kinetogenesis  is  implied  in  the  speculations 
of  Lamarck  in  the  following  language  (Philosophic  Zoologique, 
Ed.  1830,  p.  239):  "With  regard  to  the  circumstances  which 
[nature]  uses  every  day  to  vary  that  which  she  produces,  one  can 
sa3*  that  they  are  inexhaustible.  The  principal  arise  from  the 
influence  of  climates ;  from  diverse  temperatures  of  the  atmos- 
phere and  of  the  environment  generally ;  from  diversity  of  loca- 
tion ;  from  habits,  the  most  ordinary  movements,  and  most  frequent 
actions,"  etc.  The  influence  of  motion  on  development  is  involved 
in  Spencer's  theory  of  the  origin  of  vertebrae  by  strains  ;3  and  I 
have  maintained  the  view  that  the  various  agencies  in  producing 
change  mentioned  by  Lamarck  are,  in  the  case  of  animals,  simply 
stimuli  to  motion.*    The  immediate  mechanical  effect  of  motion 

*  Method  of  Creation,  Proceedings  American  Pliilosophtcal  Society,  1871,  p.  247. 

*  Principles  of  Biology,  IT,  p.  IdS. 

*  On  tlie  Relation  of  Anlntal  Motion  to  Animal  Evolution,  American  Natnrallst, 
Jan.,  1878. 
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on  animal  stmcture  has  been  discnssed  in  papers  by  Ryder,  Hyatt, 
Clevenger  and  myself,  and  I  have  cited  the  evidence  of  vertebrate 
palaeontolog}'  as  conclusively  proving  such  an  effect.^ 

The  object  of  the  present  paper  is  to  pursue  the  question  of  the 
relation  of  sensibility  to  evolution,  and  to  consider  some  of  the 
consequences  which  it  involves.  It  is  scarcely  necessary  to  ob- 
serve that  in  the  early  stage  which  the  subject  presents  at  the 
present  time,  I  can  only  point  out  the  logical  conclusions  deriv- 
able from  facts  well  established  rather  than  any  experimental  dis- 
coveries not  already  known.  And  I  will  say  here  to  those  who 
object  to  the  introduction  of  metaphysics  into  biology  that  they 
cannot  logically  exclude  the  subject.  As  in  one  sense  a  function 
of  nen'ons  tissue,  mind  is  one  of  the  functions  of  the  body.  Its 
phenomena  are  everywhere  present  in  the  animal  kingdom.  More- 
over, when  studied  in  the  inductive,  a  posteriori  method,  meta- 
physics is  an  exact  science.  As  Bain  observes,  it  is  a  good  deal 
easier  to  foretell  the  actions  of  a  man  than  those  of  the  weather. 
It  is  only  want  of  familiarity  with  the  subject  which  can  induce  a 
biologist  to  exclude  the  science  of  mind  from  the  field. 

For  the  benefit  of  those  who  are  not  familiar  with  the  doctrine  of 
nrcheesthetism,^  I  give  an  outline  of  its  implications.  In  the  first 
place  the  hypothesis  that  consciousness  had  played  a  leading  part 
in  evolution  would  seem  to  be  negatived  by  the  well  known  facts 
of  reflex  action,  automatism,  etc.,  where  acts  are  often  uncon- 
sciously performed,  and  often  performed  in  direct  opposition  to 
present  stimuli.  But  while  it  is  well  understood  that  these  phe- 
nomena are  functions  of  organized  structure,  it  is  believed  that  the 
habits  which  they  represent  were  inaugurated  through  the  imme- 
diate agency  of  consciousness.  It  is  not  believed  that  a  designed 
act  can  have  been  performed  for  the  first  time''  without  con- 
^  sciousness  on  the  part  of  the  animal,  of  the  want  which  the  act 
was  designed  to  relieve  or  supply.  This  opinion  accords  with 
our  knowledge  of  ourselves,  and  by  irresistible  inference,  with  our 
belief  regarding  other  animals.  From  such  familiar  observation 
we  also  know  that  so  soon  as  a  movement  of  body  or  mind  has 


^The  ETidence  for  Evolution  in  the  Histonr  ol  the  Extinct  Mammalia,  Am.  Assoc. 
Adv.  Sci.,  1883,  p.  32. 

•  American  Naturalist,  1882,  p.  454. 

^  The  same  view  is  expressed  by  Bibot,  Diseases  or  the  Will,  p.  88  (Humboldt 
Llbr.). 
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been  acquired  by  repetition,  consciousness  need  no  longer  accom- 
pany the  act.  The  act  is  said  to  be  automatic  when  performed 
without  exertion,  either  consciously  or  unconsciously,  and  in  those 
functions  now  removed  from  the  influence  of  the  unconscious  mind, 
such  acts  are  called  reflex.  The  origin  of  the  acts  is,  however, 
believed  to  have  been  in  consciousness,  not  only  for  the  reasons 
above  stated,  but  also  from  facts  of  still  wider  application.  The 
hypothesis  of  archsBsthetism  then  maintains  that  consciousness  as 
well  as  life  preceded  organism,  and  has  been  the  primum  mobUe 
in  the  creation  of  organic  structure.  This  conclusion  also  flows 
from  a  due  consideration  of  the  nature  of  life.  I  think  it  possible 
to  show  that  the  true  definition  of  life  is,  energy  directed  by  can- 
scioiLsnesSy  or  by  a  mechanism  which  has  originated  under  tlie  direction 
of  consciousness.  If  this  be  true,  the  two  statements  that  life  has 
preceded  organism,  and  that  consciousness  has  preceded  organ- 
ism ai*e  coequal  expressions. 

II.    Consciousness,  Enerot,  and  Matter. 

Regarding  for  the  time  being  the  phenomena  of  life  as  energy 
primitively  determined  by  consciousness,  let  us  look  more  closely 
into  the  characteristics  of  this  remarkable  attribute.  That  con- 
sciousness, and  therefore  mind,  is  a  property  of  matter,  is  a  neces- 
sary truth,  which  to  some  minds  seems  difficult  of  acceptance. 
That  it  is  not  an  attribute  of  all  kinds  of  matter  is  clear  enough, 
but  to  say  that  it  is  not  an  attribute  of  any  kind  of  matter  is  to 
ulter  an  unthinkable  proposition.  To  my  mind  the  absence  of 
tridimensional  matter  is  synonymous  with  nothingness  or  abso- 
lute vacuity.  To  say  that  phenomena  have  a  material  basis  is,  for 
me,  only  another  way  of  saying  that  they  exist.  It  being  granted 
then  that  consciousness  is  an  attribute  of  matter,  or  a  certain . 
behavior  of  matter,  it  remains  to  trace  its  relation  to  energy, 
which  is  here  used  in  the  sense  of  motion.  Consciousness  is 
clearly  not  one  of  the  known  so-called  inorganic  forces.  Objects 
which  are  hot,  or  luminous,  or  sonorous,  are  not,  as  is  well 
known,  on  that  account  conscious.  Consciousness  is  not  then  a 
necessary  condition  of  energy.  On  tjie  other  hand,  in  order  to  be 
conscious,  bodies  must  possess  a  suitable  temperature,  and  must 
be  suitably  nourished.  So  energy  is  a  necessary  condition  of 
consciousness.    For  this  x'eason  some  thinkers  regard  conscious- 
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ness  as  a  form  or  species  of  energy.  For  my  own  part,  in  classi- 
fication, I  prefer  to  keep  very  different  things  apart.  To  classify 
consciousness  with  heat,  light,  sound,  etc.,  does  violence  to  my 
sense  of  fitness  and  to  all  proper  definitions.  When  a  form  of 
energy  is  developed  (as  heat,  light,  eta)  which  was  not  present 
before,  we  know,  in  accordance  with  the  law  of  the  conservation 
of  energy,  that  the  energy  was  already  present  in  some  other 
form.  We  thus  get  something  from  something.  We  cannot  hold 
the  same  view  when  consciousness  appears  where  it  had  not  been 
before.  It  is  like  the  attempt  to  add  beans  and  potatoes  to  get  ap- 
ples, etc. ;  in  a  word  it  is  an  attempt  to  get  something  out  of  noth- 
ing. To  look  upon  it  as  a  prodi^t  of  the  metamorphosis  of  energy, 
is  like  regarding  a  man  as  the  product  of  the  door  which  is  opened 
in  order  to  conduct  him  to  sight.  None  but  a  savage  could  enter- 
tain such  an  opinion.^ 

This  is  well  shown  by  Professor  Clifford  in  the  following  passage ; 
^'It  will  be  found  excellent  practice  in  the  mental  operations  re- 
quired by  this  doctrine,  to  imagine  a  train  the  forepart  of  which  is 
an  engine  and  three  carriages  linked  with  iron  couplings,  and  the 
hind  part  three  other  carriages  linked  with  iron  couplings;  the 
bond  between  the  two  parts  being  made  out  of  the  sentiments  of 
amity  subsisting  between  the  stoker  and  the  guard."^  This  satire, 
whether  intentionally  or  not  on  the  part  of  its  learned  author,  ex- 
presses at  once  the  distinctive  character  of  consciousness  in  esse 
and  the  impossibility  of  dissociating  it  from  energy  in  posse.  For 
it  is  sufiSciently  clear  that  while  the  conscious  feelings  of  the 
stoker  and  the  guard  could  by  themselves  do  nothing  for  the  train, 
such  a  state  is  essential  to  the  energy  displayed  by  them  when 
they  are  at  work  for  its  benefit.  We  all  understand  the  absurdity 
of  such  expressions  as  the  equivalency  of  force  and  matter,  or 
the  conversion  of  matter  into  force.     They  are  not,  however, 

■  In  Tiew  of  the  natare  of  the  case,  as  well  as  of  the  truths  of  Kinetogenesis  and 
archiBBtbetlsm,  it  is  much  mofe  logical  to  believe  that  the  consciousness  is  derived 
firom  an  outside  source,  and  is  communicated  to  matter  which  is  in  a  proper  energetio 
state.  The  difficulties  in  the  way  of  this  view  are  largely  diminished  by  a  oonsideraf 
tion  of  the  well  known  foots  of  diMoontinuauB  oonsciotMnesf.  There  is  a  form  of  brain 
malady  in  which  persons,  whose  consciousness  is  clearly  continuous  to  outside  observ- 
ers, lead  two  or  more  distinct  conscious  lives,  the  one  of  which  knows  nothing  about 
the  other.  This  is  caused  by  the  abalitian  of  ih*  memory  of  a  part  of  the  consoloua 
existence.  Now  it  is  far  more  probable  than  not,  that  in  a  transfer  of  consciousness 
Arom  one  physical  basis  to  another,  the  molecular  structure  which  is  the  condition  of 
memory  should  be  lost  in  whole  or  in  part. 

*  Scientiflo  Basia  of  Morals,  Humboldt  Library  Ed.,  p.  21. 
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more  absurd  than  the  corresponding  proposition  more  frequently 
heard,  that  consciousness  can  be  converted  into  energy,  and  vice 
versa. 

The  energetic  side  of  consciousness,  however,  may  be  readily 
perceived  by  a  little  atteiftion  to  its  operations.  Acts  performed 
in  consciousness  involve  a  gi*eater  expenditure  of  energy  than  the 
saTtie  acts  unconsciously  performed.  The  difficulty  of  a  given  piece 
of  labor  is  in  direct  proportion  to  its  novelty ;  that  is,  is  in  direct 
proportion  to  the  amount  of  endeavor  we  use  in  its  performance. 
This  is  another  way  of  saying  that  the  labor  is  directly  as  the 
consciousness  involved.  Another  evidence  of  the  dynamic  char* 
acter  of  consciousness  is  its  exclusive  and  therefore  complemen- 
tary character.  Two  opposite  emotions  cannot  occupy  the  mind 
at  the  same  moment  of  time.  An  emotion  excludes  all  high  intel- 
lectual work,  and  vice  versa. 

But  there  is  no  fact  with  which  we  are  more  familiar  than  that 
consciousness  in  some  way  determines  the  dii'ection  of  the  energy 
which  it  characterizes.  The  stimuli  which  affect  the  movements  of 
animals  at  first  only  produce  their  results  by  transmission  through 
the  intermediation  of  consciousness.  Without  consciousness,  edu- 
cation, habits,  and  designed  movements,  would  be  impossible.  So 
far  as  we  know,  the  instinct  of  hunger,  which  is  at  the  foundation 
of  animal  being,  is  a  state  of  consciousness  in  all  animals.  This 
incontestable  fact  is  overlooked  by  the  materialists  properly  so 
called. 

On  the  other  hand,  as  consciousness  is  an  attribute  of  matter, 
it  is  of  course  subject  to  the  laws  of  necessity  to  which  matter 
and  energy  conform.  For  instance,  it  cannot  cause  two  solid 
bodies  to  occupy  the  same  space  at  the  same  time,  nor  can  it  add 
one  body  to  one  body  and  thus  make  three  bodies.  No  more 
can  it  make  ten  foot  pounds  of  energy  out  of  five  foot  pounds  of 
energy,  and  it  cannot  abolish  time  more  than  it  can  annihilate 
space.  These  are  fundamental  truths  which  are  overlooked  by  a 
majority  of  mankind.  Moreover,  nothing  is  more  common  than 
to  hear  life  or  mind  spoken  of  as  though  it  of  itself  is  a  ^'sub- 
stance,**  and  not  as  it  should  be  as  an  attribute  or  condition  of 
substance  or  matter. 

What  is  then  the  immediate  action  of  consciousness  in  direct- 
ing energy  into  one  channel  rather  than  another?  To  take  an 
illustration :  Why,  from  a  purely  mechanical  point  of  view,  is  the 
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adductor  muscle  of  the  right  side  of  the  liorse's  tail  contracted 
to  brush  away  the  stinging  fly  from  the  right  side  of  the  horse's 
body  rather  than  the  left  adductor  muscle?  Why  was  the  con- 
traction-provoking  energy  deflected  into  the  right  interspinal 
motor  nerves  rather  than  into  those  of  the  led  side  ?  Why  is  the 
ear  of  the  horse  turned  forward  to  catch  the  sound  in  front  of 
him  and  backwards  to  gather  the  sound  coming  from  behind? 
The  first  crude  thought  is,  that  consciousness  supplies  another 
energy  which  turns  aside  the  course  of  the  energy  required  to 
produce  the  muscular  contraction ;  either  as  the  man  with  the  rein 
in  his  hand  turns  aside  the  horse's  head,  or  as  the  shield  he 
holds  deflects  a  moving  body.  But  consciousness,  jp^  se,  that  is, 
regarding  it  in  its  proper  and  distinctive  definition,  is  not  itself  a 
force  (=  energy).  How  then  can  it  exercise  energy  ?  Certainly 
no  more  than  the  bare  goodwill  of  the  train  hands  can  pull  the 
train.  Such  an  explanation  is  to  admit  the  possibility  of  making 
something  out  of  nothing. 

III.  The  Retrograde  Metamorphosis  of  Enerot. 

The  key  to  many  weighty  and  mysterious  phenomena  lies  in 
the  explanation  of  the  so-called  voluntary  movements  of  animals, 
I  say  ^^so-called,"  because  true  will  is  not  at  all  involved  iu 
the  question.  I  mean  the  acts  directed  by  consciousness,  the 
acts  which  would  not  take  place  at  all  if  the  animal  were  uncon- 
scious. That  there  are  many  such  acts  3'ou  well  know.  The 
explanation  can  only  be  found  in  a  simple  acceptance  of  the  fact 
as  it  is,  in  the  thesis,  that  energy  can  be  conscious.  If  true,  this 
is  an  ultimate  fact,  neither  more  nor  less  difl9cult  to  comprehend 
than  the  nature  of  energy  or  matter  in  their  ultimate  analyses. 
But  how  is  such  an  hypothesis  to  be  reconciled  with  the  facts  of 
nature,  where  consciousness  plays  a  part  so  inflnitesimally  small  ? 
The  explanation  lies  close  at  hand,  and  has  already  been  referred 
to.  Energy  become  automatic  is  no  longer  conscious^  or  is  about 
to  become  unconscious.  That  this  is  the  case  is  matter  of  every- 
day observation  on  ourselves  and  on  other  animals.  What  the 
molecular  conditions  of  consciousness  are,  is  one  of  the  prob- 
lems of  the  future,  and  for  us  a  very  interesting  one.  One  thing 
is  certain,  the  organization  of  the  mechanism  of  habits  is  its  en- 
emy.   It  is  dear  that  in  animals,  energy^  on  the  loss  of  conscious* 
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ness,  undergoes  a  retrograde  metaworphosis  ;  as  a  lower  form  of  ener- 
gy, does  later  in  the  history  of  organized  beings  on  their  death. 
This  loss  of  consciousness  is  first  succeeded  by  the  so-called  in- 
voluntary and  automatic  functions  of  animals.  According  to  the 
law  of  catagenesis,  the  vegetative  and  other  vital  functions  of 
animals  and  plants  are  a  later  product  of  the  retrograde  meta- 
morphosis of  energy.  With  death,  energy  falls  to  the  level  of 
the  polar  tensions  of  chemism,  and  the  regular  and  symmetrical 
movements  of  molecules  in  the  crystallization  of  its  inorganic 
products.  Let  us  now  trace  in  more  detail  the  energies  displayed 
by  animals  and  plants. 

It  has  been  already  advanced  (see  page  458)  that  the  phenom- 
ena of  growth-force,  which  are  especially  characteristic  of  living 
things,  originated  in  the  direction  given  to  nutrition  by  conscious- 
ness, and  by  the  automatic  movements  deiived  A'om  it.      There 
remain,  however,  some  other  phenomena  which  do  not  yield  so 
readily  to  this  analysis.    These  are :  first,  the  conversion  b}'  ani- 
mals of  dead  into  living  protoplasm ;  second,  the  conversion  of 
inorganic  substances  into  protoplasm  by  plants ;  and  third,  the 
manufacture  of  the  so-called  organic  compounds  from  the  inor- 
ganic by  plants.    To  these  points  we  may  return  again.     It  is 
also  well  known  that  living  animal  organisms  act  as  producers,  by 
conversion,  of  various  kinds  of  inorganic  energy,  as  heat,  light, 
sound,  electricity,  motion,  etc.     It  is  the  uses  to  which  these 
forces  are  put  by  the  animal  organism,  the  evident  design  in  the 
occasion  of  their  production,  that  gives  them  the  stamp  of  organic 
life.    We  recognize  the  specific  utility  of  the  secretions  of  the 
glands,  the  appropriate  distribution  of  the  products  of  digestion, 
and  adaptation  of  muscular  motion  to  many  uses.    The  increase 
of  heat  to  protect  against  depression  of  temperature  ;  the  light  to 
direct  the  sexes  to  each  other ;  the  electricity  as  a  defence  against 
enemies ;  display  unmistakably  the  same  utility.     We  must  not 
only  believe  that  these  functions  of  animals  were  originally  used 
by  them,  under  stimulus,  for  their  benefit,  but  if  life  preceded 
organism,  that  the  molar  mechanism  which  does  the  work,  has 
developed  as  the  result  of  the  animal's  exertions  under  stimuli. 
This  will  especially  apply  to  the  mechanism  for  the  production  of 
motion  and  sound.      Heat,  light,  chemism  and  electricity  doubt- 
less result  from  molecular  aptitudes  inherent  in  the  constitution 
of  protoplasm.     But  the  first  and  last  production  of  even  these 
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phenomena  is  dependent  on  the  motions  of  the  animal  in  obtain- 
ing and  assimilating  nutrition.  For  without  nutrition  all  energy 
would  speedily  cease.  Now  the  motion  required  for  the  obtain- 
ing of  nutrition  has  its  origin  in  the  sensation  of  hunger.  So 
even  for  the  first  steps  necessary  to  the  production  of  inorganic 
forces  in  animals,  we  are  brought  back  to  a  primitive  conscious- 
ness. 

To  regard  consciousness  as  the  primitive  condition  of  energy, 
contemplates  an  order  of  evolution  in  large  degree  the  reverse  of 
the  one  which  is  ordinarily  entertained.  The  usual  view  is,  that 
life  is  a  derivative  from  inorganic  energies  as  a  result  of  high  or 
complex  molecular  organization,  and  that  consciousness  (=  sen- 
sibility) is  the  ultimate  outcome  of  the  nervous  or  equivalent 
energy  possessed  by  living  bodies.  The  failure  of  the  attempts 
to  demonstrate  spontaneous  generation  will  prove,  if  continued, 
fatal  to  this  theory.  Nevertheless  the  order  cannot  be  absolutely 
reversed.  Such  a  proceeding  is  negatived  by  the  facts  of  the 
necessary  dependence  of  the  animal  kingdom  on  the  vegetable, 
and  the  vegetable  on  the  inorganic  for  nutrition,  and  consequently 
for  existence.  So  the  animal  organism  could  not  have  existed 
prior  to  the  vegetable,  nor  the  vegetable  prior  to  the  mineral. 
The  explanation  is  found  in  the  wide  application  of  the  ^'doctrine 
of  the  unspecialized,"^^  so  clearly  demonstrated  by  palaeontology. 
From  this  point  of  view  creation  consists  in  specialization,  an 
expression  which  describes  the  specific  action  of  the  general 
principle  described  by  Spencer  as  the  conversion  of  the  homo- 
geneous into  the  heterogeneous.  To  be  more  explicit,  it  con- 
sists of  the  production  of  mechanism  out  of  no  mechanism,  of 
different  kinds  of  energy  out  of  one  kind  of  energy.  The  mate- 
rial basis  of  consciousness  must  then  be  a  generalized  substance 
which  does  not  display  the  more  automatic  and  the  polar  forms 
of  energy.  From  a  physical  standpoint  protoplasm  is  such  a 
substance.  Its  instability  indicates  weakness  of  chemical  energy 
also,  which  suggests  that  the  complexity  of  its  molecule  may  be 
due  to  some  form  of  energy  not  properly  chemical.  The  readi- 
ness with  which  it  undergoes  retrograde  metamorphosis  shows 
that  it  is  not  self-sustaining,  and  furnishes  a  good  illustration  of 
creation  of  specialized  substances  by  a  running  down  in  the  scale 

i^Tht  term  speciallzeil,  introduced  into  biology  by  Professor  Dana,  has  been  used 
in  connection  with  energy  in  creation  by  tlie  autiior,  Petm  Monthly ,  1875,  p.  509. 
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of  being.  Loew  and  Bokoruy^^  suggest  that  ^*the  cause  of  the 
living  movements  in  protoplasm  is  to  be  sought  for  in  the  intense 
atomic  movements,  and  therefore  easy  metamorphosis  of  its 
aldehyde  groups  of  components ; "  the  molecular  movements 
becoming  molar,  to  use  the  language  of  Lester  Ward.  The  posi- 
tion which  I  now  present  requires  the  reversal  of  the  relations  of 
these  phenomena.  Generalized  matter  must  be  supposed  to  be 
capable  of  more  varied  molecular  movements  than  specialized 
matter,  and  it  is  believed  that  the  most  intense  of  all  such  move- 
ments are  those  of  brain  tissue  in  mental  action,  which  are  fur- 
thest i*emoved  of  all  from  molar  movements.  From  this  point  of 
of  view,  when  molar  movements  are  derived  from  molecular 
movements,  it  is  by  a  process  of  running  down  of  energy,  not  of 
elevation ;  by  an  increase  of  the  distance  from  mental  energy, 
not  an  approximation  to  it. 

The  fact  that  the  physical  basis  of  consciousness  is  composed 
of  four  substances,  which  are  respectively  a  monad,  a  dyad,  a 
triad  and  a  tetrad,  doubtless  has  something  to  do,  as  I  have  sug- 
gested,^^ with  its  exhibition  of  this  remarkable  attribute.  It  might 
be  supposed  that  the  presence  of  carbon  had  the  effect  of  restrain- 
ing the  chemical  and  physical  molecular  tendencies  of  the  three 
other  substances.  From  this  standing-ground  we  may  imagine 
that  other  substances  besides  protoplasm  might  support  conscious- 
ness and  life.  In  other  parts  of  the  universe,  other  substances 
they  would  have  to  be,  if  consciousness  exist  there. 

The  manner  in  which  protoplasm  is  made  at  the  present  time 
is  highly  suggestive.  It  is  manufactured  by  living  plants  out  of 
inorganic  matter,  the  hydrogen,  carbon,  nitrogen  and  oxygen 
contained  in  the  atmosphere  and  in  the  earth.  As  dead  plants 
will  not  perform  this  function,  this  action  is  regarded  as  in  some 
way  due  to  the  presence  of  life.  The  energy  peculiar  to  living  pro- 
toplasm, and  derived  primarily  in  part  only  from  the  sun's  rays, 
directs  energy  so  that  the  complex  molecular  aggregation  proto- 
plasm is  the  result.  This  is  the  only  known  method  of  manufac- 
ture from  inorganic  matter,  of  this  substance.  The  first  piece  of 
pi*otopla8m  had  however  no  paternal  protoplasm  from  which  to 
derive  its  being.     The  protoplasm-producing  energy  must,  there- 

i>Die  Chemlscho  Kraftqiielle  in  Lebenden  ProtopUsma,  von  O.  Loew  u.  T.  Bo- 
korny,  Munich,  lt<82, 1. 

i^Penn  Monthly,  187U,i>.  671. 
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fore,  have  previousl}'  existed  in  some  form  of  matter  not  proto- 
plasm. This  is  also  suggested  by  the  fact  that  it  really  antagonizes 
the  chemical  forces,  and  might  be  called,  from  this  fact,  antichem-' 
ism.  The  protoplasm-sustaining  energy  of  animal  protoplasm 
may  be  a  less  energetic  derivative,  or  vice  versa.  In  terms  of  the 
theory  of  catagenesis,  the  plant  life  is  a  derivative  of  the  primi- 
tive life,  and  it  has  retained  enough  of  the  primitive  quality  of 
self-maintenance  to  prevent  it  from  running  down  into  forms  of 
energy  which  are  below  the  life  level ;  that  is,  such  as  are  of  the 
inorganic  chemical  tj'pe,  or  the  crystalline  physical  type.  A  part 
of  the  energy  does  so  run  down,  as  can  be  seen  in  the  few  auto- 
matic movements  of  plants,  and  the  phosphorescence  of  some. 
Also  symmetrical  crystals  are  made  by  some.  But  M.  Pasteur 
has  shown*^  that  whenever  the  crystals  are  of  the  organic  type, 
i,  6.,  contain  carbon,  they  are  not  symmetrical  but  are  unilateral, 
or,  as  he  terms  them,  dissymmetrical.  This  indicates  that  the 
presence  of  carbon  has  restrained,  a  little,  the  absolute  symmet- 
rical automatism  of  the  formative  force. 

IV.  Origin  of  Life  on  the  Earth. 

If  then  some  form  of  matter  other  than  protoplasm  has  been 
capable  of  sustaining  the  essential  energy  of  life,  it  remains  for 
future  research  to  detect  it,  and  to  ascertain  whether  it  has  long 
existed  as  part  of  the  earth's  material  substance  or  not.  The 
heat  of  the  earlier  stages  of  our  planet  may  have  forbidden  its 
presence,  or  it  may  not.  If  it  were  excluded  from  the  earth  in 
its  first  stages  we  may  recognize  the  validity  of  Sir  William 
Thomson's  suggestion  that  the  ph3'sica1  basis  of  life  may  have 
reached  us  from  some  other  region  of  the  cosmos  by  transporta- 
tion on  a  meteorite.  If  protoplasm  in  any  form  were  essential  to 
the  introduction  of  life  on  our  planet,  this  hypothesis  becomes  a 
necessary  truth.  Here  let  me  refer  to  the  fact  that  hydrocar- 
bonaceous  substances  have  been  discovered  in  meteorites.  Here 
also  the  remarkable  discovery  of  Huggins  claims  attention.^*  This 
veteran  spectroscopist  has  detected  the  lines  of  some  hydrocar- 
bon vapor  in  the  spectra  of  interplanetary  spaces.     The  signifi- 

-  ^Revue  Scienti/lque,  Jan.,  1884,  p.  2. 

i<Sce  address  of  C.  W.  Siemens,  Pres.  British  Assoc.  Adv.  Science,  18^2;  Mature, 
1882,  p.  400. 

A.  A.  A.  S.,  VOL.  XXXIII.  SO 


466  SECTION  F. 

cance  of  this  discovery  is  at  once  perceived  if  we  believe  that 
hydrocarbons  are  only  produced  under  the  direction  of  life.^^ 

Granting  the  existence  of  living  protoplasm  on  the  earth,  there 
is  little  doubt  that  we  have  some  of  its  earliest  forms  still  with  as. 
From  these  simplest  of  living  beings  both  vegetable  and  animal 
kingdoms  have  been  derived.  But  how  was  the  distinction  be* 
tween  the  two  lines  of  development,  now  so  widely  divergent, 
originally  produced?  The  process  is  not  difficult  to  imagine. 
The  original  plastid  dissolved  the  salts  of  the  earth  and  appro- 
priated the  gases  of  the  atmosphere  and  built  for  itself  more  pro- 
toplasm. Its  energy  was  sufficient  to  overcome  the  ohemism 
that  binds  the  molecules  of  nitrogen  and  hydrogen  in  ammonia, 
and  of  carbon  and  oxygen  in  carbonic  dioxide.  It  apparently 
communicated  to  these  molecules  its  own  method  of  being,  and 
raised  the  type  of  energy  from  the  polar  non-vital  to  the  adaptive 
vital  by  the  process.  Thus  it  transformed  the  dead  mineral 
world,  perhaps  by  a  process  of  invasion,  as  when  a  fire  com- 
municates itself  from  burning  to  not  burning  combustible  material. 
Thus  it  has  been  doing  ever  since,  but  it  has  redeposited  some  of 
its  gathered  stores  in  various  non-vital  forms.  Some  of  these  are 
•in  organic  forms,  as  cellulose ;  others  are  crystals  imprisoned  in 
its  cells ;  while  others  are  amorphous,  as  waxes,  resins  and  oils. 
But  consciousness  apparently  early  abandoned  the  vegetable  line. 
Doubtless  all  the  energies  of  vegetable  protoplasm  soon  became 
automatic.  The  plants  in  general,  in  the  persons  of  their  protist 
ancestors,  soon  left  a  free-swimming  life  and  became  sessile. 
Their  lives  thus  became  parasitic,  more  automatic,  and  in  one 
sense  degenerate. 

The  animal  line  may  have  originated  in  this  wise.  Some  in- 
dividual protists,  perhaps  accidentally,  devoured  some  of  their 
fellows.  The  easy  nutrition  which  ensued  was  probably  pleasura- 
ble, and  once  enjoyed  was  repeated,  and  soon  became  a  habit. 
The  excess  of  energy  thus  saved  from  the  laborious  process  of 
making  protoplasm  was  available  as  the  vehicle  of  an  extended 


i^Snys  Mr.  S.  F.  Peckhnm  (American  Journal  of  Science  and  Arts,  1884,  p.  105)  on  the 
origin  oi  bitumens :  *'  These  chemical  theories  [of  the  origin  of  bitumen]  axe  supported 
by  great  names,  and  are  based  upon  very  elaborate  researches,  but  they  require  the 
assumption  of  operations  nowhero  witnessed  in  nature  or  known  to  technology.  .  . 
In  the  chemical  processes  of  nature  complex  organic  comiiounds  pass  to  simpler  forms, 
of  which  operation  marsh  gas,  like  asphaltum,  is  a  resultant  and  never  the  crude  ma- 
terial upon  which  decomposing  foi-ces  act." 
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consciousness.  From  that  day  to  this,  conscioasness  has  aban- 
doned few  if  any  members  of  the  animal  kingdom.  In  many  of 
them  it  has  specialized  into  more  or  less  mind.  Organization  to 
subserve  its  needs  has  achieved  a  multifarious  development. 
There  is  abundant  evidence  to  show  that  the  permanent  and  the 
successful  forms  have  ever  been  those  in  which  motion  and  sensi- 
bility have  been  preserved,  and  most  highly  developed. 

The  review  of  the  history  of  living  organisms  has  been  epito- 
mized in  the  following  language :'®  "Evolution  of  living  types 
is  then  a  succession  of  elevation  of  platforms,  on  which  succeed- 
ing ones  have  built.  The  history  of  one  horizon  of  life  is  that 
its  own  completion  but  prepares  the  way  for  a  higher  one,  furnish- 
ing the  latter  with  conditions  of  a  still  further  development. 
Thus  the  vegetable  kingdom  died,  so  to  speak,  that  the  animal 
kingdom  might  live,  having  descended  from  an  animal  stage  to 
subserve  the  function  of  food  for  animals.  The  successive  types 
of  animals  first  stimulated  the  development  of  the  most  suscepti- 
ble to  the  conflict,  in  the  struggle  for  existence,  and  afterwards 
furnished  them  with  food." 

V.  Catagenesis  or  Inorganic  Energy. 

If  the  principles  adopted  in  the  preceding  pages  be  true,  it  is 
highly  probable  that  all  forms  of  energy  have  originated  in  the 
process  of  running  down  or  specialization  from  the  primitive 
energy. 

In  the  department  of  physics  I  am  not  at  home,  and  touch 
upon  it  merely  to  carry  out  to  a  necessary  conclusion  the  hy- 
pothesis presented  in  the  preceding  pages.  It  may  be  that  phys- 
icists and  chemists  may  find  value  in  the  suggestions  which 
come  from  the  side  of  biology.  A  cursory  perusal  of  the  general 
hypotheses  current  in  these  departments  shows  that  the  door  is 
wide  open  to  receive  light  from  this  quarter.  What  can  be  offered 
here  is  of  the  vaguest,  yet  it  may  suggest  thought  and  research  in 
some  minds. 

In  the  first  place  it  is  highly  probable  that  one  of  the  problems 
to  be  solved  by  the  physicists  of  the  present  and  future,  is  that  of 
a  true  genealogy  of  the  different  kinds  of  energy.  In  this  con- 
nection a  leading  question  will  be  the  determination  of  the  essen*' 

1  •AMERICAN  NATURAU8T,  1880,  p.  966. 
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tial  difTerences  between  the  different  forms  of  energy,  and  the 
material  conditions  which  caase  the  metamorphosis  of  one  kind 
of  energy  into  another. 

In  constructing  a  genealogy  of  energies,  it  must  be  observed 
that  we  shall  probably  obtain,  not  a  single  line  of  succession,  but 
several  lines  of  varying  lengths.  It  must  also  be  remembered, 
that  as  in  forms  of  the  material  world  which  are  their  expres- 
sion, a  greater  or  less  extensive  exhibition  of  all  the  types  remains 
to  the  present  day. 

That  the  tendenc}'  of  purely  inorganic  energy  is  to  "run  down,'* 
in  all  except  possibly  some  electric  operations,  is  well  known, 
Inorganic  chemical  activity  constantly  tends  to  make  simpler 
compounds  out  of  the  more  complex,  and  to  end  in  a  satisfaction 
of  affinities  which  cannot  be  further  disturbed  except  by  access  of 
additional  energy.  In  chemical  reaction  the  preference  of  energy 
is  to  create  solid  precipitates.  In  the  field  of  the  physical  forces 
we  are  met  by  the  same  phenomenon  of  running  down.  All  in- 
organic energies  or  modes  of  motion  tend  to  be  ultimately  con- 
verted into  heat,  and  heat  is  being  steadily  dissipated  into  space. 
Thei'efore  the  result  has  been  and  will  be  the  creation  of  the  min- 
eral kingdom ;  of  the  rocks  and  fluids  that  constitute  the  masses 
of  the  worlds. 

The  process  of  creation  by  the  retrograde  metamorphosis  of 
energy,  or  what  is  the  same  thing,  by  the  specialization  of  energy, 
may  be  called  catagenesis.  It  may  be  denied,  however,  that  this 
process  results  in  a  specialization  of  energy.  The  vital  energies 
are  often  regarded  as  the  most  special,  and  the  inorganic  as  the 
most  simple.  If  we  regard  them,  however,  solely  in  the  light  of 
the  essential  nature  of  energy,  i.  e.,  power,  we  must  see  that  the 
chemical  and  physical  forces  are  most  specialized.  The  range  of 
each  species  is  absolutely  limited  to  one  kind  of  effect,  and  their 
diversity  from  each  other  is  total.  How  different  this  from  the 
versatility  of  the  vital  energ}^ !  It  seems  to  dominate  all  forms  of 
conversion  of  energy,  by  the  mechanisms  which  it  has,  by  evolu- 
tion, constructed.  Thus,  if  the  inorganic  forces  are  the  products 
of  a  primitive  condition  of  energy  which  had  the  essential  char- 
acteristics of  vital  energy,  it  has  been  by  a  process  of  specializa- 
tion. As  we  have  seen,  it  is  this  specialization  which  is  every- 
where inconsistent  with  life. 

With  these  preliminary  remarks '  we  may  now  consider  very 
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tentatively  the  relations  of  the  different  kinds  of  energy  to  each 
ottier  and  to  consciousness.  In  practice  it  is  sometimes  difficult 
to  draw  the  line  between  conscious  and  unconscious  states  of 
energy.  One  reason  is,  that  although  a  given  form  of  energy 
may  be  unconscious,  consciousness  may  apprehend  the  action  by 
perceiving  its  results.  The  distinction  is  rendered  clearer  by  the 
reflection  that  we  can  perceive  by  sight  or  touch  any  action  of 
the  body  of  whatever  character.  The  energy  of  the  conscious 
type  is  therefore  altogether  mental.  The  relations  may  be  ex- 
pressed as  follows : 

A.  Designed  (always  molecular).  Examplei. 

I.  Conscions. 

1.  InvolTing  effort "Voluntary'*  acts. 

8.  Not  inrolvlng  effort ^  Passive  perception. 

(  Conscious  automatism. 

II.  Unconscious. 

8.  Involving  mental  process Unconscious  automatic. 

4.  Not  involving  mental  process.  .^ Reflex. 

B.  Not  designed. 

I.  Molecular. 

5.  Electric, 

6.  Chemical,  }  crystalliflc  and  non-crystalliflc. 

7.  Physical,    > 

II.  Molar. 

8.  Cosmic. 

The  only  strictly  molar  energies  of  the  above  list  are  the  cos- 
mical  movements  of  the  heavenly  bodies.  The  others  are  molec- 
ular, although  they  give  rise  to  molar  movements,  as  those  of  the 
muscles,  of  magnetism,  etc.  Some  molar  movements  of  organic 
beings,  are  not,  in  their  last  phdses^  designed;  as  those  produced 
by  nervous  diseases. 

The  transition  between  the  organic  and  the  inorganic  energies 
may  be  possibly  found  in  the  electric  group.  Its  influence  on  life, 
its  production  of  contractions  in  protoplasm,  and  its  resemblance 
to  nerve  force  are  well  known.  It  also  compels  chemical  unions 
otherwise  impracticable,  thus  resembling  the  energy  of  the  pro- 
toplasm of  plants,  whose  energy  in  actively  resisting  the  disinte- 
grating inorganic  forces  of  nature  is  so  well  known.  Perhaps  this 
type  of  force  is  an  early-born  of  the  primitive  energy,  one  which 
has  not  descended  so  far  in  the  scale  as  the  chemism,  which 
holds  so  large  a  part  of  nature  in  the  embrace  of  death. 

Vibration  is  inseparable  from  our  ideas  of  motion  or  energy, 
not  excluding  conscious  energy.    There  are  reasons  for  supposing 
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that  in  the  latter  type  of  activity  the  vibrations  are  the  most  rapid 
of  all  those  characteristic  of  the  forces.  A  center  of  such  vibra- 
tions in  generalized  matter  would  radiate  them  in  all  directions. 
With  radiant  divergence  the  wave  lengths  would  become  longer, 
and  their  rate  of  movement  slower.  In  the  differing  rates  of  vibra- 
tions we  may  trace  not  only  the  different  forms  of  energy,  but 
diverse  results  in  material  aggregations.  Such  may  have  been 
the  origin  of  the  specialization  of  energy  and  of  matter  which 
we  behold  in  nature. 

Such  thoughts  arise  unbidden  as  a  remote  but  still  a  legitimate 
induction,  from  a  study  of  the  wonderful  phenomenon  of  animal 
motion  i  a  phenomenon  everywhere  present,  yet  one  which  re- 
treats, as  we  pursue  it,  into  the  dimness  of  the  origin  of  thino^s. 
And  when  we  follow  it  to  its  fountain  head,  we  seem  to  have 
reached  the  origin  of  all  energy,  and  it  turns  upon  us,  the  king 
and  master  of  the  worlds. 
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The  relations  betwekn  the  theromorphous  reptiles  and  the 
MONOTREMB  MAMMALIA.  By  Pi'of.  E.  D.  CopE,  Philadelphia, 
Pa. 

The  Theromorpha  are  that  order  of  Reptilia  in  which  the  quadrate 
bone  is  fixed,  and  the  ribs  are  two-headed ;  where  the  precoracoid 
bone  is  present  and  the  coracoid  bone  is  of  reduced  size,  and  is  free 
at  the  extremity  ;  and  where  the  vertebral  centra  are  deeply  bicon- 
cave ;  where  the  pubis  is  entirely  anterior  to  the  ischium,  and  is 
united  with  it  without  intervening  obturator  foramen.  In  this  order 
there  are  two  divisions  ;  first,  Anomodontia,  where  there  are  several 
sacral  vertebrae,  and  the  vertebrae  are  not  notochordal ;  and  sec- 
ond, the  Pelycosauria,  where  the  vertebrae  are  notochordal,  and 
there  are  only  two  or  three  sacral  vertebrae.  It  is  with  the  latter 
sub-order  that  the  present  paper  has  to  do.  Its  species  are  so  far 
only  known  from  the  beds  of  the  Permian  epoch.  They  constitute 
moreover  the  only  reptiles  of  that  epoch,  for  it  is  not  until  the  fol- 
lowing or  Triassic  period  that  the  orders  which  characterize  Meso- 
zoic  time,  make  their  appearance.  In  the  Permian  epoch  then, 
there  are  no  crocodiles  nor  Ichthyosaurs  nor  Plesiosaurs  nor  Dino- 
saurs, to  say  nothing  of  orders  that  appeared  still  later. 

The  structure  of  the  columella  auris  in  Clepstdrops  lep- 
TOCEPHALUS. —  As  already  briefly  described  by  me,  this  element 
is  bifurcate  at  the  proximal  extremity.  The  shorter  expanded  ex- 
tremity is  the  stapes  proper.  The  oblique  perforation  of  its  base 
is  a  character  which  has  not  been  hitherto  observed  in  any  reptile, 
not  even  in  the  allied  form  Hatteria  (Huxley).  If,  as  is  probable, 
the  perforation  is  homologous  with  the  foramen  of  the  mammalian 
stapes,  we  have  here  a  distinct  point  of  resemblance  to  this 
class.  The  longer  proximal  branch  of  the  columella  has  only  half 
the  width  of  the  stapedial  portion,  and  its  long  axis  makes  an  ob- 
tuse angle  with  that  of  the  latter.  It  is  perhaps  the  incus,  but  for 
the  present  I  call  it  the  epicolumella.     Huxley  remarks^  that  in  a 

^  >  Proceedings  Zool.  Society,  Loadon,  1869,  p.  391. 
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young  Mammalian  foetus  '^  it  appears  exactly  as  if  the  incus  were 
the  proximal  end  of  the  cartilage  of  the  first  visceral  arch."  The 
columella  now  described  resembles  a  rib,  of  which  the  epicol- 
umellar  process  resembles  the  head,  and  the  stapes  the  tubercle. 
If  this  process  be  the  incus,  the  stapes  is  shortened  as  in  the  ma- 
jority of  Mammalia,  unless  the  primitive  suture  between  the  two 
be  longitudinal.  The  form  and  position  of  the  true  stapes  give 
support  to  the  view  of  Salensky,  that  it  is  not  part  of  a  true 
visceral  arch,  but  is  developed  in  the  connective  tissue  surrounding 
the  mandibular  artery.  We  see  that  in  this  Felycosaurian  it  is  not 
the  proximal  part  of  the  arch,  and  that  it  surrounds  the  mandibular 
artery.  The  columella  is  divided  into  at  least  two  distinct  ele- 
ments. This  is  clearl}'  indicated  by  its  abrupt  truncation  distally 
by  a  rough  sutural  surface.  If  there  is  but  one  bone  distad  to  the 
stapes,  it  is  homologous  with  the  cartilage,  which  has  been  shown 
by  Peters^  to  be  distinct  in  Hatteria,  crocodiles  and  various 
lizards.  It  is  the  triangular  ligament  of  Cuvier.  If  the  epicolum- 
ella  be  incus,  this  element  is  malleus ;  and  it  is  usually  identified 
as  such  by  the  older  anatomists.  In  this  structure  we  have 
evidence  that  the  hypothesis  that  the  articular  and  quadrate 
bones  are  homologous  with  the  ossicula  auditus  is  incorrect.  The 
Pelycosauria  will  probably  come  under  the  division  observed  by 
Dollo,  and  called  "  Sauropsides  malleoferes  "  of  Albrecht.  We 
have  here  an  especial  approximation  to  the  Mammalia  in  two 
points :  (1)  The  perforation  of  the  head  of  the  stapes ;  (2)  and  the 
ossification  of  the  incus,  which  is  distinct  from  the  malleus,  thus 
furnishing  homologues  of  the  principal  ossicles  of  the  ear.  It  is 
unnecessary  to  observe  however,  that  this  part  of  the  skeleton  does 
not  resemble  the  corresponding  part  in  the  known  Monotremes. 

Structure  of  the  quadrate  bone  in  the  genus  Clepst- 
DROPS. — The  quadrate  bone  in  Clepsydrops  leptocephalus  Cope, 
already  described,  is  of  highl}'^  interesting  form.  It  consists  of 
two  portions,  a  vertical  and  a  transverse,  the  latter  much  longer 
than  the  former.  The  vertical  portion  is  wedge-shaped,  with  the 
base  fashioned  into  the  cond3'le  for  the  mandibular  ramus.  Its 
posterior  face  to  the  apex  is  articulated  with  the  large  squamosal, 
which  rises  toward  the  parietal  bone.  The  distal  part  of  the  quad- 
rate is  vertically  gi'ooved  anteriorly,  and  each  edge  sends  a  process 
forwards.     The  internal  is  short,  and  articulates  with  the  ptery- 

sMonatsberichte  der  Akademie  Wissenchaften,  Berlin  1868  (p.  692)  — 1870. 
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goid.  The  externsj  is  the  long  horizontal  part  of  the  bone  already 
mentioned.  It  is  compressed  and  at  the  end  is  acuminate.  Al- 
though the  malar  bone  is  oat  of  place  in  the  specimen  described, 
examination  of  the  skull  of  the  Clepsydrops  natdlis^  where  it  is 
preserved  in  position,  shows  that  this  horizontal  ramus  of  the 
quadrate  is  nothing  more  than  the  zygomatic  process  of  the 
squamosal  bone  of  the  Mammalia,  forming  with  the  malar  bone 
the  zygomatic  arch.  In  the  Pelycoaauria  there  is  but  one  posterior 
lateral  ardi^  as  is  demonstrated  by  many  specimens  ;  hence,  we  have 
here  a  reptile  with  a  zygomatic  arch  attached  to  the  distal  ex- 
tremity of  the  quadrate  bone. 

Important  results  follow  this  determination.  We  have  seen 
that,  with  Peters,  we  need  no  longer  look  to  the  auricular  chain  of 
ossicles,  and  especially  to  the  incus,  to  find  the  homologue  of  the 
OS  quadratum  of  the  Yertebrata  below  the  Mammalia.  According 
to  Albrecht  the  os  quadratum  ia  the  homologue  of  tlie  zygomatic  por- 
tion of  the  squamosal  hone.  If  this  be  true,  in  the  process  of  spe- 
cialization of  the  reptiles,  the  anterior  or  zygomatic  portion  of  the 
quadrate  has  been  lost  or  separated  as  a  quadratojugal  bone,  and 
the  condylar  portion  extended,  until  it  has  reached  the  extreme 
length  we  observe  in  snakes.  This  determination  of  the  char- 
acter of  the  quadrate  bone  in  the  theromorphous  Reptilia  is  con- 
firmator}^  of  the  theory  broached  by  Albreclit.^  Among  many 
propositions  novel  to  the  science  of  osteology,  none  has  been 
more  unexpected  than  his  assertion  that  the  quadrate  bone  is  the 
homologue  of  the  zygomatic  and  glenoid  portion  of  the  squa- 
mosal bone  of  Mammalia.  This  is  in  contradiction  to  the  view 
held  by  many  comparative  anatomists  from  the  day  of  Reichert  to 
the  present  time. 

I  made  a  study  of  these  arches  several  years  ago,  which  is  pub- 
lished in  the  Proc.  A.  A.  A.  S.,  Vol  xix,  1870.  Accepting  the 
prevailing  view  that  the  quadrate  bone  is  one  of  the  auditory  os- 
sicles, I  naturally  homologized  the  superior  arch  of  the  reptilian 
skull,  which  articulates  with  the  squamosal  proper,  with  the  zygo- 
matic arch,  and  looked  upon  the  quadratojugal  arch  as  an  addi- 
tional structure,  connected  with  the  peculiar  development  of  the 
supposed  incus.  Should  Albrecht's  determination  of  the  homology 
of  the  quadrate  bone  prove  to  be  correct,  the  quadratojugal  arch 

*Sar  la  yalear  morpbologique  de  Particulation  mandibulaire  et  des  osselets  de 
I'oreille,  etc.,  Bruxelles.  Mayoles,  1888. 
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is  the  zygomatic,  and  the  snperior  arch  becomes  the  accessory  one. 
This  being  admitted,  the  Lacei-tilia  cannot  be  said  to  have  a  zygo- 
matic arch,  and  the  Theromorpha  do  not  possess  their  postorbito- 
squamosal  arch ;  the  diversity  between  the  two  orders  being  thus 
greater  than  has  been  supposed. 

Ths  articulation  of  the  bibs  in  Embolophorus. —  The  riba 
of  the  Theromorpha  are  two-headed.  While  the  tubercular  artic- 
ulation has  the  usual  position  at  the  extremity  of  tlie  diapophysis, 
the  capitular  is  not  distinctly,  or  is  but  partially  indicated,  on  the 
anterior  edge  of  the  centrum,  in  Clepsydrops  and  Dimetrodon. 
In  Embolophorus,  as  I  showed  in  1869,  the  capitular  articulation 
is  distinctly  to  the  intercentrum.  A  second  and  larger  species  of 
that  genus,  recently  come  to  hand,  displays  this  character  in  a 
striking  degree,  since  the  intercentrum  possesses  on  each  side  a 
short  process  with  a  concave  articular  facet  for  the  head  of  the 
ribs.  From  the  slight  corresponding  contact  with  the  intercentrum 
seen  in  Dtmetit)don  and  other  genera,  there  can  be  little  doubt 
that  this  is  the  true  homology  of  the  ribs  in  the  order  Theromor- 
pha. The  consequence  follows  from  this  determination,  that  the  ribs 
of  this  order  are  intercentral  and  not  central  elements,  and  that  they 
do  not  therefore  belong  to  the  true  vertebrae,  thus  agreeing  with 
the  chevron  bones,  with  which  they  are  homologous. 

It  is  also  true  that  this  type  of  rib-articulation  approximates 
closely  that  of  the  Mammalia,  where  the  capitular  articulation  is  in 
a  fossa  excavated  from  two  adjacent  vertebrae.  This  is  what 
would  result  if  the  intercentrum  were  removed  from  a  Theromorph 
reptile,  and  the  head  of  the  rib  allowed  to  rest  in  the  fissure  be- 
tween the  centra  left  by  the  removal.  It  is  well  known  that  the 
double  rib  articulation  of  the  other  reptilian  orders  which  possess 
it,  viz. :  Ichtliyopterygia,  Crocodilia,  Dinosauria  and  Pterosauria, 
and  in  the  birds,  is  different,  the  capitular  connection  being  be- 
low the  tubercular,  on  the  centrum.  Whether  the  capitular  artic- 
ulations and  the  ribs  in  these  orders  are  homologous  with  those  of 
the  Theromorpha,  remains  to  be  ascertained. 

Thb  posterior  foot  in  Pelycosauria. —  The  foot-bones  of  the 
reptiles  of  the  suborder  Pelycosauria  are  abundant  in  the  collec- 
tions from  the  Permian  formation,  and  I  have  examined  my  col- 
lection for  specimens  in  which  they  are  in  normal  connection,  for 
the  purpose  of  identifying  them.  I  have  been  so  fortunate  as  to 
find  an  entire  tarsus,  with  the  proximal  parts  of  the  metatarsi,  in 
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the  skeleton  which  served  as  the  type  of  my  description  of  Clep^ 
sydrops  natalisA  The  characters  presented  by  this  foot  are  no 
doubt  present  in  all  of  the  Clepsydropidse,  which  includes  the  ge- 
nera Theropleara,  Dimetrodon,  Embolophoras,  and  probably 
others.  Tarsal  bones  identical  with  those  of  the  O.  rwUcUia  were 
found  with  the  original  specimens  of  C.  colleUii^  and  others  of  much 
larger  size,  accompany  remains  of  species  of  Dimetrodon,  or  £m- 
bolopborus. 

The  astragalus  and  oalcaneum  are  large  and  well  specialised 
bones,  distinct  from  each  other  and  from  the  other  tarsal  elements. 
They  do  not  resemble  the  corresponding  bones  of  any  known  type 
of  vertebrate,  as  will  presently  appear.  The  navicular  bone  is 
distinct,  and  the  cuboid  apparently  consists  of  a  single  element. 
This  depends  on  the  interpretation  given  to  a  small  bone  on  its 
posterior  face,  which  is  broken  on  its  free  edge,  and  may  be  the 
head  of  the  fifth  metatarsus.  There  are  three  elements  in  contact 
with  the  distal  face  of  the  navicular,  which  correspond  with  the 
three  mammalian  cuneiforms.  The  space  available  for  this  con- 
tact seems  hardly  sufficient  for  the  three  elements  present,  one  of 
which  is  out  of  position  and  on  the  inferior  side  of  the  carpus. 
This  element  looks  also  from  its  free  inferior  side  like  an  ungual 
phalange,  but  is  flatter  than  is  characteristic  of  this  family.  There 
are  three  metatarsals  distal  to  the  navicular,  which  are  well  ac« 
commodated  with  articular  facets  on  the  distal  extremities  of  the 
three  bones  in  question,  so  that  their  identification  as  the  three 
cuneiforms  is  probably  necessary.  The  two  remaining  metatar- 
sals are  articulated,  the  fourth  to  the  exterodistal  facet  of  the  cu* 
boid ;  and  the  fifth  to  the  exterior  side  of  the  cuboid.  The  third, 
fourth  and  fifth  metatarsals  are  directed  at  an  obtuse  angle  pos* 
teriorly  from  the  long  axis  of  the  astragalus. 

This  structure  is  more  mammalian  than  any  form  of  foot  yet 
known  among  reptiles,  and  agrees  with  the  indications  of  mammal- 
ian character  described  as  existing  in  the  long  bones  of  the  limbs 
by  Owen  and  by  myself. 

The  astragalus  is  an  oblong  bone  with  one  long  straight  side, 
viz.,  that  which  is  in  contact  with  the  calcaneum.  This  side  has 
two  facets  for  articulation  with  the  calcaneum,  which  are  separated 
by  a  groove,  which  forms  a  foramen  when  the  two  bones  ai*e  in 

« Proceedings  American  Philosoph.  Society,  1679, 609. 
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place.  The  proximal  extremity  of  the  bone  is  much  smaller  than 
the  distal,  and  is  subround.  The  proximal  half  of  the  bone  would 
be  nearly  cylindric  were  it  not  for  the  truncation  caused  by  the 
calcaneal  facet.  The  distal  half  of  the  bone  is  robust,  and  is  sur- 
rounded on  all  sides  by  facets.  These  are  the  external  or  calca- 
neal, the  distal  or  navicular,  and  the  internal  which  is  larger  than 
the  other  two  together.  The  first  two  are  oblong  and  truncate, 
the  navicular  twice  as  large  as  the  calcaneal,  its  transverse  much 
exceeding  its  anteroposterior  diameter.  The  internal  facet,  already 
mentioned,  covers  the  internal  face  of  the  distal  half  of  the  astra- 
galus, which  projects  further  inwards  than  the  proximal  half,  ris- 
ing abruptly  from  it.  The  facet  is  continuous  with  the  navicular, 
and  is  at  right  angles  to  its  plane.  It  widens  proximally,  and  its 
proximal  border  is  deeply  notched.  Its  surface  is  convex  from 
back  to  front,  but  not  strongly  so.  In  the  astragalus  of  a  species 
of  Dimetrodon,  it  is  divided  by  an  angle  into  two  facets,  the  two 
faces  thus  produced  being  nearly  at  right  angles  to  each  other. 
This  inferior  part  of  the  facet  is  continued  into  a  prominent  border 
which  is  more  or  less  roughened.  A  rounded  tuberosity  of  the  in- 
ferior face  of  the  bone  occupies  the  space  between  this  border  and 
the  calcaneal  border,  so  approaching  the  notch  already  described, 
as  to  cause  a  groove  to  proceed  from  it  posteriorly  and  inwards. 
I  described  the  corresponding  bone  in  the  Clepsydrops  collettii 
(Proceeds.  Phila.  Academy,  1875,  p.  409)  as  a  possible  coracoid. 
The  calcaneum  has  its  postero-external  edge  broken  in  the  speci- 
men of  Clepsydrops  natalis  described,  but  it  is  probably  a  semidis- 
ooid  bone,  with  its  straight  margin  applied  to  the  astragalus.  This 
margin  presents  a  med  ian  flat  elongate-oval  facet,  which  is  separated 
by  grooves  from  a  facet  at  each  end  of  the  inner  side.  The  prox- 
imal facet  is  the  narrower,  and  passes  by  a  curve  into  the  proximal 
extremital  facet,  which  is  adjacent  to  the  corresponding  proximal 
facet  of  the  astragalus.  The  distal  internal  facet  is  triangular  and 
wider  than  long,  and  is  separated  by  an  angle  only  from  the  distal 
facet.  The  latter  is  a  little  more  than  a  half  circle  in  outline,  and 
joins  one  bone  of  the  second  row,  which  I  suppose  to  be  the  cuboid. 
The  fact  that  it  does  not  articulate  with  the  second  element  in  that 
row  leads  me  to  suspect  that  the  latter  is  the  head  of  a  fifth  meta- 
tarsal. The  external  edge  of  the  bone  thins  out  more  rapidly  at  the 
distal  than  at  the  proximal  extremity. 
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The  cuboid  bone  Is  pentagonal  in  outline,  and  square  in  trans- 
verse section.  It  is  not  unlike  that  of  the  Amblypodous  Mammalia. 
It  has  a  transverse  proximal  facet,  and  two  distal  ones  which 
meet  at  an  angle  about  right.  The  fifth  metatarsal  is  articulated 
with  its  posterior  face ;  and  the  fourth  with  the  exterior  distal  face. 
The  ectocuneiform  articulates  with  the  interior  distal  face. 
The  navicular  bone  is  subtriangular  in  transverse  section,  and 
with  a  subquadrate  base  articulating  with  the  cuboid.  Its  longitu- 
dinal and  anteroposterior  diameters  are  about  equal.  The  distal 
or  metatarsal  articulation  of  the  entocuneiform  is  transverse  and 
flat. 

The  manner  of  articulation  of  the  ankle-joint  must  have  been 
different  from  the  usual  reptilian  type.  The  proximal  extremities 
of  the  astragalus  and  calcaneum  combined  are  not  too  large  to  have 
received  the  distal  extremity  of  the  fibula,  so  that  the  tibial  articu- 
lation must  be  sought  elsewhere.  This  may  have  been  on  the  large 
distal  facet  of  the  anterior  or  inner  face  of  the  bone.  ^  part  of  this 
facet  looks  upwards  and  probably  supported  the  tibia,  which  was 
thus  removed  by  a  short  space  from  that  of  the  fibula.  The  down- 
looking  part  of  the  facet,  which  is  more  distinct  in  Embolophorus, 
must  have  articulated  with  a  separate  element.  This  may  have 
been  a  spur,  such  as  exists  in  the  known  genera  of  the  Monotre- 
mata;  as  the  position  is  identical  with  that  which  bears  this 
appendage  in  -those  animals.  It  is  quite  evident  that  an  element 
additional  to  those  known  in  the  ordinary  reptilian  foot  exists  in 
the  Clepsydropidae. 

The  separation  of  the  distal  extremities  of  the  tibia  and  fibula 
is  not  usual  among  reptiles,  but  it  is  common  in  the  salamanders, 
where  the  os  intermedium  comes  between  them.  It  is  also  evident 
that  the  subcylindric  proximal  part  of  the  astragalus,  which  inter- 
venes between  the  supposed  tibial  and  fibular  articulations,  repre« 
sents  that  bone. 

The  metatarsals  are  directed  obliquely  backwards  as  well  as  out- 
wards, as  in  Tach3'glossus  and  Platypus. 

The  following  results  may  be  derived  from  the  preceding  state- 
ments: (1)  The  relations  and  number  of  the  bones  of  the  pos- 
terior foot  are  those  of  the  Mammalia  much  more  than  those  of 
the  Reptilia.  (2)  The  relations  of  the  astragalus  and  calcaneum 
to  each  other  ai*e  as  in  the  Monotreme  Platypus  anatinua.     (8) 
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The  articulation  of  the  fibala  with  both  calcanenm  and  astragalus 
is  as  in  the  Monotreme  order  of  mammals.  (4)  The  separate  ar- 
ticulation of  the  anterior  part  of  the  astragalus  with  the  tibia  is 
as  in  the  same  order.  (5)  The  presence  of  a  facet  for  an  articu- 
lation of  a  spur  is  as  in  the  same  order.*  (6)  The  posterior-ex- 
terior direction  of  the  digits  is  as  in  the  known  species  of  Mono- 
tremata. 

Thus  the  characters  of  the  posterior  foot  of  the  Pelycosauria 
confirm  the  evidences  of  Monotreme  affinity  observed  by  Professor 
Owen  and  myself  in  the  bones  of  the  legs,  especially  of  the  ante- 
rior leg.  It  remains  a  fact  that  with  this  resemblance  in  the  leg 
there  is  a  general  adherence  to  the  reptilian  type  in  the  structure 
of  the  skull.  But  this  adherence  is  not  so  exclusive  as  has  been 
supposed,  as  I  have  endeavored  to  show. 

The  orioin  of  the  Mammalia. — The  relation  of  the  characters 
of  the  Pelycosaurian  suborder  of  the  Theromorpha  to  those  of  the 
Mammalia  may  now  be  seen  to  be  very  important.  I  give  a  sy- 
nopsis of  the  character  of  these  divisions  parallel  with  those  of 
the  Batrachia  contemporary  with  them,  in  order  to  give  a  clear 
idea  of  the  reasons  for  believing  that  the  Mammalia  are  the  descend- 
ants of  the  Pelycosauria. 

The  table  on  page  479  shows  that  the  Mammalia  agree  with  the 
Batrachia  in  two  and  part  of  another  character ;  with  the  Pelyco- 
sauria in  six  characters,  and  with  other  Reptilla  in  two  characters. 
The  Pelycosauria  agree  with  the  Batrachia  in  two  and  in  parts  of 
two  other  characters,  and  with  other  Reptilia  in  three  characters, 
two  of  which  (Nos.  2  and  8)  are  of  prime  importance.  Of  the 
characters  in  which  the  Pelycosauria  agree  with  the  Mammalia, 
two  are  of  first  class  importance  (Nos.  1  and  6)  ;  three  are  of 
great  but  unascertained  degree  of  importance  (Nos.  4,  6  and  8), 
and  one  (No.  9)  is  of  less  importance.    The  two  characters  (Nos. 

>  I  am  Jnst  In  receipt  of  rd  MS.  fh>m  Dr.  Banr,  of  New  Haven,  in  which  he  presents 
an  identiflcntion  of  the  "  internal  navicular"  bone  of  some  rodents,  and  which  prob- 
ably existed  in  the  ungulate  genera,  Pantolambda  and  Baithmodon.  He  identifies  it 
with  the  tibiale,  and  denies  that  the  astragalus  includes  that  element,  but  that  it  con- 
sists wholly  of  the  intermedium.  This  identification  will  also  apply,  though  Dr.  Baur 
in  his  manuscript  does  not  make  it,  to  the  element  which  supports  the  spur  in  the 
known  Monotremata.  It  will  also  explain  the  nature  of  the  element  which  occupies 
the  same  position  in  the  fool  of  the  Pelycosauria  described.  The  aiTangement  in  this 
order  of  reptiles  confirms  the  conclusion  reached  by  Dr.  Baur,  since  the  questionable 
element  is  here  in  direct  contact  with  the  tibial  facet  of  the  astragalus. 
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2  and  5),  in  which  the  Mammalia  agree  with  the  Batrachia,  are  of 
high  importance,  but  one  of  them  is  also  a  point  in  which  the 
Pelycosauria  agree  with  both  (structure  of  the  coracoid  bone,  No. 
5).  There  is  but  one  character,  the  distinctness  of  the  quadrate 
bone,  in  which  the  Batrachia  agree  with  the  Reptilia  in  general. 

The  preceding  comparison  renders  it  extremely  probable  that  the 
Mammalia  are  descended  from  the  Pelycosaurian  Reptilia.  The 
usual  definitions  have  been  invalidated,  excepting  that  of  the 
occipital  condyles,  but  even  this  is  not  so  absolute  a  character  as 
has  been  supposed.  In  the  gecko  lizard,  Uroplates,  the  occipital 
condyle  is  represented  by  the  exoccipital  pieces  only,  the  basi- 
occipital  element  being  omitted  nearly  as  in  the  Mammalia.  Pro- 
fessor Huxley  has  regarded  it  as  most  probable  that  the  true 
ancestors  of  the  Mammalia  have  been  the  Batrachia.  It  is  evi- 
dent that  the  Pelycosauria  are  in  various  respects  the  most 
Batrachian  of  the  Reptilia,  for  they  agree  with  them  in  three  and 
parts  of  two  other  characters  of  the  nine  above  enumerated. 
One  of  the  latter  is  the  structure  of  the  posterior  foot,  which  dis- 
plays much  less  modification  from  the  Batrachian  type  than  that 
of  the  ordinary  Reptilia. 

The  first  evidence  of  the  resemblance  of  the  Pelycosauria  to  the 
Mammalia  was  empirical  and  not  conclusive.  This  consisted  in 
the  characters  derived  from  the  long  bones  of  the  limbs.  Pro- 
fessor Owen  first  called  attention  to  this  resemblance  in  the  genus 
Cynodraco,  which  is  a  riieromorph  reptile.  I  next  pointed  out 
corresponding  peculiarities  in  the  humeri  of  the  American  Thero- 
morphs.  I  subsequently  recorded  some  resemblance  between  the 
pelvis  of  the  Pelycosaur  division,  and  that  of  the  Monotremata. 
This  was  followed  by  a  demonstration  of  the  resemblance  between 
the  coracoid  of  the  Pelycosauria  and  the  Mammalia  of  the  Mono- 
trematous  order,  especially  the  family  of  the  Platypodidae.  In 
subsequent  papers  I  added  that  the  structure  of  the  posterior  foot 
approaches  near  to  that  of  the  Monotremata ;  that  the  os  quad' 
ratum  and  the  ribs  are  essentially  like  the  corresponding  parts 
in  all  the  Mammalia ;  and  that  the  stapes  is  perforated  as  in 
that  class.  The  last  three  points  are  essential  and  fundamental. 
The  three  great  distinctions  between  the  Mammalia  and  Reptilia 
in  the  skeleton  are :  (1)  in  the  quadrate  bone;  (2)  in  the  cora- 
coid bone,  and  (3)  in  the  occipital  condyle.  Of  these  the  last 
only  now  remains,  and  this  is  weakened  by  the  presence  of  the 


I 


) 


BIOLOGY.  481 

Mammalian  type  in  the  geckotian  lizard  already  referred  to.  The 
only  interruption  in  the  series  which  has  not  yet  been  overcome  is 
in  the  Columella  auris.  No  reptile  is  yet  known  where  that  ele- 
ment is  divided  into  incus,  orbicularis,  and  stapes,  as  in  the 
Mammalia,  and  some  Batrachia  (according  to  Dollo).  The 
probable  presence  of  an  osseous  incus  is,  however,  an  important 
step  in  this  direction,  in  mammalian  characters.  Of  course  the 
above  comparison  with  the  Monotremata  considers  the  latter 
order  in  its  proper  ordinal  deQnitions,  and  not  in  its  special  subor- 
dinate modifications  now  existing,  the  Platypodidae  and  Tachy- 
glossidae.  Monotremata  with  dentition  like  that  of  the  known 
Jurassic  and  Triassic  Mammalia  will  doubtless  yet  be  discovered 
in  beds  of  those  ages. 

The  interesting  announcement  just  made  at  the  meeting  of  the 
British  Association  for  the  Advancement  of  Science  at  Mon- 
treal this  year  may  now  be  referred  to.  Mr.  Caldwell,  the  holder 
of  the  Balfour  scholarship,  telegraphs  that  he  has  discovered  that 
the  Platypus  anatinus  is  oviparous,  and  that  the  segmentation  of 
the  egg  is  meroblastic,  as  Haeckel  gives  it  in  the  Studien  zur  Gas- 
trsea  Theorie,  Jena,  1877,  p.  65.  This  confirms  the  hypothesis  of 
descent  from  reptilian  ancestors  rather  than  Batrachian. 

Bibliography.  The  first  mention  of  the  conclusions  stated  in  the 
preceding  pages  will  be  found  in  the  American  Naturalist  for  No- 
vember, 1884  (published  October  20),  and  December,  1884.  In 
the  latter  number  is  a  plate  illustrative  of  the  same.  In  the  Pro- 
ceedings of  the  American  Philosophical  Society  for  August,  1884, 
the  same  results  are  set  forth  at  length  with  a  plate  accompany- 
ing. This  paper  was  not  published  until  November  of  the  same 
year. 

EXPLANATION    OF  PLATE. 

Fig.  1.  Clepsydrops  leptocephaiui  Cope,  right  quadrate  bone  (Q)  with  condyle  and 
zygomatic  process  (z)  from  the  right,  or  external  side.  Pt^  pterygoid  bone  of  same 
side  displaced  so  as  to  be  in  plane  of  quadrate,  and  to  be  seen  ft*om  inferior  side.  One- 
half  natural  size. 

Fig.  1.  Columella  auris  of  the  individual  of  CUpaydropn  leptocephalus  represented  in 
flg.  1 ;  internal  side.  Fig.  2a  external  side ;  26  proximal  extremity ;  2c  distal  extremity ; 
«,  head  of  stapes;  Ecol.  epicolumella;  d,  distal  articular  surface,  es^pecially  represen- 
ted in  flg.  2c.  c,  stapedial  foramen.  All  flgores  are  half  natural  sise,  excepting  2c, 
which  is  natural  size. 

Fig.  3.  Left  half  scapular  arch  of  a  Felycosaurian,  less  clavicle  and  episternum, 
one-half  natural  size;  «c,  scapula;  c/,  fiacet  for  clavicle;  cor,  coracoid ;  «o,epicoracoid; 
9f  open  suture  between  coracoid  and  epicoracoid,  indicating  the  immaturity  of  tlie  ani- 
mal. 

A.  A.  A.  S.,  VOL.  XXXIU.  31 
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Fig.  4.  Dorsal  Tert«bra  of  a  species  of  Embolophoms,  one-half  natural  size :  right 
side;  a,  ttom  troni;  6,  IVom  below;  ic,  intercentrum ;  ca^  capitular  rib  articulation. 

Fig.  6.  Astragalus  of  individual  figured  in  fig,  4,  one-half  natural  size;  ttom  below, 
coj  ca,  facets  for  calcaneum;  na^  do.  for  navicular;  tib.  2,  do.  for  bone  of  spur,  or  os 
tibiale.  fia,  same  bone  fVom  external  or  calcaneal  border;  /,  fibular  facet.  56,  same 
bone,  proximal  or  fibular  extremity. 

Fig.  6.  Left  posterior  foot  of  Cleptydrcps  natalia  Cope,  superior  side,  and  6a,  inferior 
(plantar)  side,  two-thirds  natural  size,  cw,  astragalus;  ca,  calcaneum ;  fia,  navicular 
bone;  cu,  cuboid;  eue,  mo  and  ecc,  entocuneiform,  mesocuneifonn  and  ectocuneiform 
.bones,  respectively.  I,  II,  III,  IV,  V,  metatarsals.  Tib.  1,  Probable  tibial  facet.  In 
.this  specimen  the  calcaneum  is  displaced ;  being  tamed  backwards,  so  as  to  present 
its  two  astragalar  facets  (a«/)  anteriorly. 

N.  B.  The  use  of  this  plate  was  kindly  granted  by  the  American  Philosophical 
.Society. 


<0n  the   structure   of    the    feet   IN  THE    EXTINCT  ArTIODACTTLA 

OF  North  America.    By  Prof.  E.  D.  Cope,  Philadelphia,  Pa. 

The  structure  of  the  feet  of  a  number  of  the  Artiodactyles  of 
the  tertiary  beds  of  North  America  has  already  been  described. 
In  this  paper  I  enumerate  these,  and  add  descriptions  of  some  types 
which  have  been  hitherto  unknown.  I  commence  with  the  Buno- 
•donta. 

BUNODONTA. 

Pantolestes  Cope.  The  structure  of  the  tarsus  only  of  this  Eo- 
cene genus  is  known. ^  The  cuboid  and  navicular  bones  are  distinct 
from  each  other  and  from  the  cuneiforms,  and  the  ecto-  and  meso- 
cuneiform  are  ooossified.  There  are  four  metatarsals.  The  lat- 
erals (ii  and  v)  ai'e  slender ;  and  the  medians  are  distinct  but 
appressed,  their  adjacent  sides  being  iSattened.  This  foot  structure 
is  remarkably  advanced  considering  the  early  age,  Wasatch  Eocene, 
of  the  period  of  its  existence,  and  the  primitive  tritubercular  bun- 
odont  character  of  the  superior  dentition.  The  selenodont  types 
which  appear  first  in  our  series  of  formations,  the  Oreodontidaa  of 
the  White  River  low  Miocene,  present  a  much  more  primitive  tj^pe 
of  foot.  The  camel  series  is  remarkable  for  the  early  and  con- 
tinued absence  of  the  first  and  fifth  metapoidal  bones.  The  first 
known  of  the  line,  Poebrotherium,  from  the  White  River  beds,  has 
only  minute  rudiments  of  them.  It  is  probable  the  Pantolestes 
or  some  member  of  the  Pautolestidse  is  an  ancestor  of  Poebro- 
therium with  a  number  of  lost  types  intervening. 

1  Cope,  Proceedings  American  Philosophical  Society,  1881,  p.  188.  Paleontologlcal 
Bulletin,  No.  34. 
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Ehtherium  Aym.  The  first  information  respecting  the  struc- 
ture of  the  feet  of  this  genus  was  furnished  by  Marsh. ^  He  says, 
''The  radius  and  ulna  were  separate  or  very  loosely  united.  The 
third  and  fourth  metacarpals  were  nearly  equal  in  size,  and  the 
second  and  fifth  larger  than  the  corresponding  bones  of  the  pes. 
In  the  latter  the  first  digit  was  wanting,  and  the  fifth  rudiment- 
ary." This  description  leaves  us  in  the  dark  as  to  the  development 
of  the  second  digit  in  the  posterior  foot,  and  of  the  second  and 
fifth  in  the  anterior  foot.  This  ambiguous  language  led  me  to  in- 
fer that  there  are  four  digits  of  the  anterior  foot  of  the  animal 
described  by  Marsh,  and  hence  to  separate  it  generically  from 
Elotherium.  The  first  definite  information  is  derived  from  Kow- 
alevsky  from  his  great  memoir  on  the  genus  Anthracotherium.^ 
He  here  states  distinctly  the  genus  is  bidigitate,  but  with  small 
rudiments  of  the  second  and  fifth  metapoidal  bones.  He  shows 
also  that  the  lunar  is  equally  supported  by  the  magnum  and  un- 
ciform. In  a  memoir  especially  devoted  to  this  genus^  he  also 
shows  that  the  cuboid,  navicular  and  cuneiforms  are  distinct,  while 
the  ecto-  and  mesocunei forms  are  coossified  ;  the  entocuneiforms 
being  absent.  The  structure  of  the  tarsus  in  this  genus  is  then 
as  in  Fantolestes,  and  from  this  genus,  or  one  of  the  same  family, 
Elotherium  no  doubt  took  its  origin,  through  intermediate  genera.^ 

Selenodonta. 

Oreodon  Leidy.  We  owe  to  Leidy  the  following  statement  re- 
garding the  foot-structure  of  this  genus.^  "What  are  supposed 
to  be  the  bones  of  the  forearm  and  leg  are  discrete,  as  in  the  hog  ; 
and  the  bones  of  the  feet  correspond  in  nu/nber  with  those  of  this 
animal.  In  1873  Professor  Marsh  confirmed  these  statements  as 
regards  the  metacarpal  bones,"^  and  added  that  ''the  navicular  and 
cuboid  bones  were  loosely  coossified  or  separate."  In  1884®  I  gave 
a  full  account  of  the  structure  of  the  limbs  in  this  genus.  I  men- 
tioned a  peculiar  feature  of  the  carpus,  viz.,  that  the  os  lunare  is 

*  American  Journal  Scl.  Arts,  1873,  p.  487,  June. 
>  PalsBontographlca,  1873,  p.  188,  August? 

«  Loc.  cit.  XXII,  N.  F.  II,  7  p.  415. 

s  I  have  given  the  structure  of  the  anterior  leg  In  Elotherium  imperaior  Bulletin  U.S. 
Gool.  Surv.  Terrs.,  Vol.  V,  p.  fiO. 

*  Extinct  Mammalia,  Dakota  and  Nebraska,  1860,  p.  72. 

T  Amer.  Jour.  Sci.  Arts,  p.  409;  Marsh  does  not  credit  Leidy  with  his  previous  ob* 
servations. 

*  Proceeds.  Amer.  Phil.  Soc.  Pal.  Bulletin,  No.  88,  pp.  608-10. 
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supported  below  by  the  inwai'd  extension  of  the  nnciform,  so 
that  the  magnum  is  below  the  scaphoideum.  I  also  showed  that 
the  cuneiforms  are  distinct,  and  that  the  entocuneiform  is  wanting. 

Eucrotaphus  Leidy.  I  have  already  stated  that  this  genus  is 
tetradactyl  anteriorly  and  posteriorly.^  I  now  add  that  the  struc- 
ture of  the  limbs  and  feet  is  in  other  respects  like  that  of  Oreodon. 
This  is  true  of  the  inner  extension  of  the  unciform  so  that  the 
magnum  is  below  the  scaphoideum.  The  inner  side  of  the  latter 
bone  in  the  Eucrotaphus  pacificus  is  so  excavated,  that  there  was 
plainly  a  free  trapezium  of  small  size.  In  the  posterior  foot  the 
entocuneiform  is  wanting,  and  the  mesocuneiform  is  distinct  from 
the  ectocuneiform. 

Merycochcerus  Leidy.  The  first  information  of  the  foot  struc- 
ture of  this  genus  is  contained  in  my  paper  on  the  Oreodontidse 
above  cited. ^^  The  fore  and  hind  feet  are  there  stated  to  be  tetra- 
dactyl. I  now  add  that  in  the  M,  montanus  Cope  the  os  magnum 
is  entirely  below  the  scaphoid,  and  that  there  is  a  distinct  trape- 
zium. The  posterior  foot  is  constituted  as  in  Eucrotaphus.  I 
also  observe  that  the  navicular  has  a  peculiar  little  facet  on  its 
distal  face  near  the  front  of  its  external  edge.  This  fits  a  corre- 
sponding facet  which  forms  the  proximal  surface  of  a  ledge,  which 
extends  from  front  to  rear  on  the  inner  side  of  the  cuboid.  In 
Eucrotaphus  pacificus  the  arrangement  is  similar,  excepting  that 
the  ledge  of  the  cuboid  is  interrupted  at  the  middle  by  a  deep 
excavation.  In  Merychyus  arenarum  the  cuboid  is  like  that  of 
Merycochcerus  montanus,  in  regard  to  this  ledge. 

Merychyus  Leidy.  The  limbs  and  feet  in  this  genus  are  quite 
as  in  Merycochcerus.  The  species  which  I  have  examined  is  the 
M.  arenarum  Cope. 

Leptomeryx  Leidy.  We  possess  as  3'et  no  information  regard- 
ing the  limbs  and  feet  of  this  genus.  It  is  therefore  fortunate  that 
I  obtained  in  the  White  River  bed  of  northeastern  Colorado  in 
1879,  a  nearly  entire  skeleton  of  the  L.  evansi  Leidy.  The  bones 
were  all  found  close  together,  and  belong  to  two  individuals,  and 
are  without  admixture  of  those  of  any  other  species. 

From  these,  and  inferentially  from  other  specimens,  is  derived 
the  curious  fact,  that  there  are  four  distinct  metacarpals,  all  sup- 
porting digits,  while  there  are  but  two   metatarsals,  which  are 

*  Loc.  cit.,  p.  504. 

10  Proceeds.  Amer.  Fhllosoph.  Society,  1884,  p.  504. 
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coossified  into  a  cannon  bone.  This  diversity  between  the  limbs 
is  unparalleled,  although  an  approach  to  such  a  condition  is  seen 
in  the  peccary.  In  this  animal,  as  is  well  known,  there  are  four 
distinct  digits  in  the  manus,  while  in  the  pes,  the  metatarsals  are 
coossified  proximally,  and  the  fifth  metatarsal  is  reduced  to  a  scale. 
This  difference  between  the  two  limbs  is  a  further  illustration  of 
Mr.  Byder's  statement  that  the  posterior  limb  is  in  advance  of  the 
anterior  in  grade  of  development,  for  which  I  have  endeavored  to 
account  by  reference  to  the  fact  that  it  is  the  posterior  foot  which 
receives  the  greater  number  of  impacts  in  progression.  This  is 
because  the  hind  limb  is  the  principal  propeller  of  the  body. 

In  accordance  with  the  structure  of  the  feet,  the  fore  limb  is 
much  behind  the  posterior  limb  in  the  fixity  of  its  parts.  The  ulna 
and  radius  are  distinct ;  the  head  of  the  latter  is  a  regular  transverse 
oval. 

The  lunar  is  mainly  supported  by  the  unciform,  so  much  so  that 
the  front  face  of  the  magnum  is  not  bevelled  to  fit  the  former. 
Behind  the  face,  the  edge  of  the  magnum  is  a  little  hovelled  for  the 
lunar ;  but  the  former  bone  lies  almost  entirely  under  the  scaphoid. 
The  trapezoides  is  coossified  with  the  magnum.  No  distinct  trape- 
zium. 

The  distal  extremity  of  the  fibula  is  not  coossified  with  the  tibia, 
but  forms  a  separate  bone,  as  in  the  Buminantia. 

The  cuboid  and  navicular  are  solidly  united.  The  ecto-  and 
mesocuneiforms  are  distinct,  and  there  is  no  entocuneiform.  The 
second  metatarsal  is  represented  by  a  flat  oval  bone,  which  is  borne 
on  the  underside  of  the  projecting  heel  of  the  third  metatarsal. 
The  fifth  is  of  smaller  size,  and  is  a  scale  embedded  in  a  depression 
of  the  posterior  part  of  the  side  of  the  fourth.  Ungues  unilateral, 
trihedral  and  acute. 

Hypertragulus  Cope.  Bemains  of  this  genus  are  as  abundant 
in  the  White  Biver  beds  as  are  those  of  Leptomeryx,  and  like  that 
genus  I  know  but  one  species,  the  H.  calcai'cUus  Cope.  Unfor- 
tunately I  have  not  been  able  to  obtain  bones  of  the  skeleton 
connected  with  dentition  from  this  formation,  although  numerous 
bones  occur  separately  which  probably  belong  to  it.  The  genus  is 
however  abundantly  represented  in  the  John  Day  Miocene  beds 
of  Oregon,  where  Leptomeryx  does  not  probably  occur.  At  least 
no  specimens  of  the  latter  are  to  be  found  in  a  collection  of  be- 
tween one  and  two  hundred  individuals  of  this  general  t3'pe  in  my 
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collection.  I  cannot  distinguish  the  John  Day  species  from  the 
H.  ccUcaratus,  although  the  size  is  generally  distinctly  larger.^^  In 
other  cases  the  size  is  the  same.  To  the  John  Day  specimens  then, 
I  refer  for  the  characters  of  the  foot  of  this  genus. 

The  ulna  and  radius  are  coossified.  The  scaphoid  and  lunar 
facets  of  the  radius  are  well  distinguished  by  an  oblique  ridge. 
The  carpus  is  unknown.  The  median  metacarpals  are  separate ; 
whether  the  second  and  fifth  are  well  developed  I  do  not  know, 
but  suspect  them  to  be  so  as  in  Leptomeryx,  since  the  third  and 
fourth  bear  no  adherent  rudiments.  The  cuboid  and  navicular 
bones  are  united,  while  the  cuneiforms  are  distinct  from  them  and 
from  each  other  as  in  Leptomeryx.  There  are  but  two  developed 
metatarsals,  and  these  are  distinct  from  each  other.  Thus  the  fore- 
limb  in  its  ulno-  radius  exhibits  a  little  advance  over  Leptomeryx ; 
while  in  the  separate  metatarsals  it  is  behind  the  latter. 

Hypiaodua  Cope.  This  genus  is  remarkable  for  its  prismatic 
dentition,  being  the  only  Artiodactyle  presenting  the  character  in 
the  White  River  fauna. la 

It  was  probably  well  advanced  in  foot  characters,  but  of  these 
I  know  but  little.  Parts  of  two  tarsi  found  with  the  jaws  of  the 
H,  minimus  Cope,  are  referred  to  the  species  on  account  of  their 
very  small  size  and  general  correspondence.  The  cuboid  and 
navicular  are  coossified.  Their  distal  face,  especially  the  navic- 
ular part,  is  so  narrow  transversely,  that  it  is  almost  certain  that 
the  third  and  fourth  metatarsals  are  coossified,  and  that  the  second 
and  fifth  are  rudimentary  or  wanting.  There  is  no  trace  of  facets 
for  the  latter  on  the  naviculo-cuboid. 

Po'ebrotherium  Leidy.  I  have  fully  described  the  limbs  of  this 
genus  in  the  Annual  Report  of  the  U.  S.  Geological  Survey  of  the 
Territories  for  1873,^3  ag  geen  in  the  P.  viUoni  Leidy,  from  the 
White  River  beds,  and  have  confirmed  them  from  a  fine  specimen 
of  the  P.  sternbergii  Cope,  from  the  John  Day  or  middle  Mio- 
cene of  Oregon.^^  The  characters  are :  ulna  and  radius  co6ssified ; 
trapezium  and  trapezoides  present  and  distinct ;  magnum  support- 
ing part  of  lunar.    Two  distinct  metacarpals,  scales  representing 

ii  It  is  probably  this  species  that  is  cited  by  Leidy  as  the  Leptomeryx  evanti  in  the 
Beport,  U.  S.  Geol.  Surv.  Terrs.  I,  p.  216. 

13  See  Cope,  Annual  Report  17.  S.  Geol.  Survey  Terrs.,  1873,  p.  601,  where  the  cuboid 
and  navicular  are  stated  to  be  united. 

»  Annual  Report  U.  S.  Geol.  Surv.  Terrs.,  1874,  p.  490. 

>«  Bulletin  U.  S.  Geol.  Surv.  Terrs.  V,  p.  59. 
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the  second  and  fifth.  Navicular  and  cuboid  bones  distinct ;  as  are 
the  ecto-  and  mesocuneiform ;  entocuneiform  wanting.  Metatar- 
sals two,  distinct ;  second  and  fifth  represented  by  scales. 

Observations  on  the  Phylogbnt. 

I  have  malntained^^  that  the  selenodont  dentition  is  a  derivative  of 
the  bunodont,  a  proposition  which  seems  unavoidable  from  a  me- 
chanical point  of  view.  The  testimony  of  palaeontology  is  also  in 
its  favor,  since  in  America  the  oldest  artiodactyle,  Fantolestes,  is 
bunodont.  Kowalevsky  in  the  phylogenetic  table  given  in  his 
monograph  of  Anthracotherium^^  does  not  commit  himself  as  to 
this  point,  but  allows  the  development  of  the  two  types  of  dentition 
to  appear  to  have  been  contemporary  and  from  some  common 
origin.  He  then  derives  from  such  a  common  point  of  departure 
first,  the  Hyopotamidse,  which  first  appear  in  the  Eocene,  and 
second,  the  ancestors  of  the  Anoplotheriidse.  From  the  Hyopota- 
raidse  he  derives  all  the  modern  Selenodonta,  exclusive  of  the 
Camelidae.  The  latter  group  he  omits  from  his  table,  doubtless 
because  his  information  on  the  subject  was  insufiOicient.  The  main 
line  of  origin  of  the  Selenodonta  is  divided  early  in  Miocene  time, 
the  genus  Gelocus  giving  origin  to  the  Fecora,  and  the  genus 
Hysemoschus  to  the  Tragulina. 

In  describing  the  characters  of  the  genus  Foebrotherium  for  the 
first  time,  I  remarked  as  follows  :^^  ''The  present  genus  is  a  more 
generalized  type  than  Gelocus,  and  in  its  distinct  trapezoid  and 
distinct  metacarpals  represents  an  early  stage  in  the  developmental 
history  of  that  genus.  It  also  presents  afiSnity  to  an  earlier  type 
than  the  Tragulidse  which  sometimes  have  the  divided  metacarpals 
but  the  trapezoides  and  magnum  coossified.  In  fact  Foebrotherium, 
as  direct  ancestor  of  the  camels,  indicates  that  the  existing  Rumi- 
nantia  were  derived  from  three  lines  represented  by  the  genera 
Gelocus  for  the  typical  forms,  Foebrotherium  for  the  camels,  and 
Hyaemoscus  for  the  Tragulidae." 

These  views  being  then  established  on  sufficient  evidence,  it 
remains  to  make  such  additions  as  the  facts  cited  in  the  present  paper 
indicate.  First  in  importance  comes  the  place  in  the  phylogeny 
of  the  Selenodonta,  of  the  Oreodontidse.  The  peculiar  inward 
extension  of  the  unciform  bone,  already  ascribed  to  them,  charac- 

u  Journal  Academy  Natural  Sciences,  1874. 

w  1873  (?  4)  p.  152. 

^7  Bulletin  U.  S.  Geol.  Survey  Terrs.  Vol.  I,  No.  1.  p.  26,  Jan.  1874. 
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terizes  also  among  extinct  forms  the  genus  Leptomei^x,  and 
probably  Hypertragulus.  Among  recent  ruminants  it  is  only  seen 
in  the  Tragulida;.*®  If  we  arrange  these  types  in  serial  order  we 
find  the  modifications  of  form  to  be  generally  identical  with  those 
of  the  other  ruminant  lines,  in  the  coossification  of  the  bones  of 
the  legs  and  feet.  This  series  may  then  be  regarded  as  phylogenetic. 
The  peculiar  structure  of  tlie  carpus  of  the  Oreoilontidae,  puts  them 
out  of  the  question  as  ancestors  of  any  type  of  existing  ruminants 
other  than  the  Tragulina.  Whether  they  themselves  can  be  traced 
to  a  five-lobed,  or  to  a  four-lobed  bunodont  ancestor,  remains  an 
undecided  question.  It  is  not,  however,  probable  that  a  five-lobed 
form  has  been  intercalated  in  a  series,  both  of  whose  extremities 
are  four-lobed.  If  this  be  true,  the  Oreodontidse  must  be  regarded 
as  an  ancestral  type  of  Selenodonta,  coequal  with  the  Hyopotamidae, 
and  it  may  well  be  questioned  whether  the  latter  can  have  been 
ancestors  of  the  existing  Ruminantia,  whose  molars  are  four-lobed. 
So  the  present  investigation  does  not  disclose  the  ancestral  stock 
of  the  Pecora.  In  North  America  we  have  not  progi*essed  further 
in  the  solution  of  this  question  than  I  reached  in  1877,^^  after  a 
study  of  the  genera  Cosoryx  Leidy,  and  Blastomeryx  Cope.  I 
had  already 3^  suggested  that  the  former  genus  is  the  ancestor  of 
the  Cervidae,  but  subsequently^^  remarked  :  ^'It  is  not  probable  that 
this  genus  is  the  immediate  ancestor  of  Cervus,  from  the  fact  that 
the  molar  teeth  display  in  their  prismatic  form  a  higher  degree  of 
specialization  than  belongs  to  that  genus.  It  is  probable  that  the 
true  ancestral  form  combined  the  dental  type  of  Cervus  with  its 
distinct  roots  and  short  crowns  of  the  molars,  with  the  type  of  horns 
here  described."  I  at  Umt  time  included  a  species  {Cosoryx  gem- 
mifer  Cope)  in  the  genus  provisionally,  which  has  the  type  of  molars 
in  question .  Having  discovered  another  larger  species  which  has  the 
same  type  of  molars,  I  at  once  distinguished  the  provisional  group 
in  which  I  had  placed  the  (7.  ^emmi/er,  Blastomeryx,  as  a  genus ;  and 
in  describing  the  species  {B.  borealis)  observed  as  follows : 

*'In  brief,  its  molars  differ  from  those  of  Cosoryx  ("Dicrocerus") 
much  as  those  of  the  deer  differ  from  the  molars  of  the  antelope. 


M  Among  PerlsBOdactyles  it  ocotira  In  Tapinis  and  the  Rhinocerontidn. 
u  Proceedings  Amer.  Philos.  Soc,  p.  223. 
so  Proceedings  Academy  Philadelphia,  1871,  p.  149. 

"  Report  Ezpl.  Surv.  W.  of  100th  Mer.  U.  S.,  6.  M.  Wheeler  in  charge,  iv,  pt.  il,  p. 
S49,  1877. 
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While  Cosoryx  ("  Diorocerus  ")  was  probably  the  ancestx>r  of 
Antilocapra,  Blastomeryx  was  the  ancestor  of  Cervus  or  Carlacus.'' 
This  opinion  expresses  all  the  information  I  possess  on  the  subject 
at  present.  It  remains  to  ascertain  the  structure  of  the  anterior 
feet  in  Hypisodus,  which  is  the  earliest  genus  of  Ruminantia 
known  to  have  prismatic  molars. 

The  following  table  will  represent  the  views  expressed  in  the 
preceding  pages : 


PPecora. 


Tragulina. 


Tylopoda. 


HyopotamidfiB.      Oredontidse.      FoebrotheriidaB. 


Quadritubercular 
Bunodonta 


Tritubercular 

Bunodonta 
(Pantolestidae). 


On  Cten acanthus  and  Gtr acanthus  from  the  Chemung  op 
Pennsylvania.  By  Prof.  E.  W.  Clatpole,  Buchtel  College, 
Akron,  O. 

[ABSTRACT.] 

Of  the  twenty-two  species  of  Otenacanthus  described  from  Amer- 
ica, only  one,  Ct.  vetustus,  New.,  is  from  the  Devonian  rocks.  This 
one  was  found  in  the  Huron  shale  of  Ohio,  considered  the  equivalent 
of  the  Portage  of  New  York.  The  occurrence  therefore  of  a  small 
specimen  of  this  genus  in  the  Chemung  of  Pennsylvania  deserves 
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notice.  The  Blab  containing  it  was  sent  to  me  with  other  fossils 
by  an  intelligent  and  accurate  collector  Mr.  A.  T.  Lilley  of  Brad- 
ford Co.  It  is  a  cast  of  one*half  of  the  spine  and  is  quite  perfect. 
It  measures  only  2f  inches  in  length,  less  than  half  that  of  Ct,  VS" 
tushis^  and  for  it  I  propose  the  name  of  Ct.  ChemungensU. 

More  worthy  of  note  is  another  specimen  sent  me  at  the  same 
time  by  the  same  collector.  This  is  a  specimen  which  I  am  quite 
unable  to  distinguish  from  Oyracanthtis  AUeni  Newb.  of  the  Cuya- 
hoga shale  in  Medina  Co.,  Ohio.  QyracarUhua  has  hitherto  been 
found  only  in  the  Carboniferous  Bocks  and  has  been  considered  so 
characteristic  of  that  system  that  in  the  Palaeontology  of  Ohio,  Dr. 
Newberry  wrote : 

'^  Oyrcuxinthua  is  found  exclusively  in  the  Coal  Measures  abroad, 
and  these  specimens  in  the  Cuyahoga  shale  give  a  decided  Carbo- 
niferous character  to  the  rock  in  which  they  occur." 

The  occurrence  therefore  of  Oyracanthus  and  especially  of  a 
Lower  Carboniferous  species  in  the  Cuyahoga  shale  is  a  fact  which 
helps  to  link  together  the  Upper  Devonian  and  the  overlying 
system. 


Structure  of  the  siphon  in  the  Endogeratida.  By  Prof. 
Alfheus  Htatt,  Curator  Society  Natural  History,  Boston, 
Mass. 

[AB8TKAGT.] 

The  siphon  of  this  group  has  several  distinct  forms.  In  the 
Endoceras  it  is  composed  of  funnels.  The  interior  is  filled  by 
sheaths  secreting  solid  conical  caps  with  an  amorphous  structure, 
and  in  the  centre  is  a  tube,  apparently  open  and  formed  originally 
by  the  conchiolinous  terminations  of  the  sheaths.  This  is  the 
endosiphon  as  I  have  called  it.  A  second  form  of  siphon  is 
found  in  Actinoceras  with  the  well  known  structure  described  by 
Barrande,  and  I  have  now  to  add  a  third  type  in  a  new  genus, 
which  I  propose  to  call  Choanitoceras.  In  this  genus  the  composi- 
tion of  the  siphon  is  not  ascertained,  the  remains  being  exclu- 
sively those  of  the  hard,  unyielding  endosiphon  and  sheaths.  The 
sheaths  were  evidently  present  as  in  Endoceras  and  Actinoceras, 
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and  their  conchiolinous  character  is  shown  by  the  remains  of  the 
tubular  points  which  extend  posteriorly  and  are  much  elongated 
and  deeply  invaginated  into  each  other.  They  are  imperforate 
and  thus  dissimilar  to  those  of  Endoceras,  being  also  fewer  in 
number.  The  principal  distinctions,  however,  lie  in  the  fact  that 
the  endosiphon  is  sometimes  surrounded  by  a  thick  wall,  which  is 
also  absent  in  some  parts  of  the  form  as  in  some  specimens,  and 
in  the  columnar  structure  of  the  deposits  between  the  sheaths. 
These  last  fill  the  interior  of  the  siphon  and  abut  against  a  con- 
tinuous wall  which  covers  the  exterior.  These  deposits  resemble 
those  of  a  Belemnite  so  closely  that  I  feel  that  until  the  siphon  is 
known  there  is  still  a  doubt  of  the  true  affinities. 


Larval  theory  of  the  origin  of   tissue.     By  Prof.  Alpheus 
Hyatt,  Curator  Society  Natural  History,  Boston,  Mass. 

[ABSTRACT.] 

Recent  investigations  by  Balbiani,  Biitschli  and  Engelmann 
have  removed  almost  every  obstacle,  which  formerly  existed,  to  the 
close  homology  of  the  single  cell  among  Metazoa  with  a  full- 
grown  adult  Protozoon.  We  can  now  even  closely  compare  the 
nuclei  of  the  Protozoa  and  its  changes  during  conjugation  and 
subsequent  casting  off  of  part  of  the  nucleus,  to  the  casting  off  of 
polar  cells  in  the  egg.  The  heads  of  the  spermatozoon  in  the 
Calcispongiae  have  been  shown,  by  Pol6jaeff,  to  arise  from  division 
of  a  part  of  the  nucleus,  the  other  or  central  part  either  remain- 
ing quiescent,  or,  as  this  author  states,  forming  the  tails.  Almost 
every  author,  especially  La  Valette  St.  George,  the  most  thorough 
student  of  this  subject,  consider  all  spermatozoa  as  derived  from 
simple  processes  of  cell  division.  The  essential  and  general 
character  of  reproduction  among  Protozoa  is  similar,  being,  as  is 
well  known  to  observers,  fissiparous  division  of  the  whole  body, 
but  this  division  takes  place  in  the  adults  at  the  end  of  a  series 
of  transformations,  and  is  not  characteristic  of  larval  stages. 
The  building  up  of  the  tissue  in  Metazoa  is  due  to  the  quick  and 
rapid  division  of  cells,  and  if  it  is  granted  that  Metazoa  may  be 
aggregates  of  Protozoa,  they  must  be  considered,  in  fact,  larval 
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forms  descended  from  Protozoa  and  inheriting  the  tendency  to 
reproduction,  by  fissiparous  division,  at  an  early  stage.  In  other 
words,  they  reproduce  while  still  larvsB  and  before  passing  through 
any  transformations,  except  the  very  primitive  ones  which  precede 
and  include  the  nucleated  stage. 

This  picture  is  completed  by  the  zonoblastic  theory  of  Minot 
which  enables  us  to  see  that  the  sexes  originated  from  the  primary 
differentiation  of  the  nucleus  of  the  egg  into  two  sexual  elements, 
and  to  account  for  their  differentiation  in  the  same  way  that  we 
can  account  for  the  sexes  in  adult  Protozoa,  namely,  by  the  action 
of  natural  and  sexual  selection  upon  a  bisexual  form. 


Structure  and  affinities   op    Beatrice  a.    By  Prof.   Alpheus 
Hyatt,  Curator  Society  Natural  History,  Boston,  Mass. 

[ABSTRACT.] 

This  remarkable  fossil  is  neither  a  sponge,  an  ally  of  Stromat- 
opora,  a  coral  allied  to  Cystiophyllum,  a  cephalopod  allied  to  £n- 
doceras,  nor  a  mollusk  allied  to  the  Hippuritidae,  as  supposed  by 
various  authors. 

It  has  a  cellular  structure  similar  to  the  Foraminifera,  and  pos- 
sesses stolons,  uniting  these  cells  with  each  other. 


The  osteology  of  Oreodon.     By  Prof.  W.  B.  Scott,  College  of 
New  Jersey,  Princeton,  New  Jersey. 

rABSTRACT.l 

Although  this  genus  was  discovered  and  named  more  than  thirty 
years  ago,  very  little  has  been  known  of  its  osteology,  and  con- 
sequently its  systematic  position  has  been  a  matter  of  great  doubt. 
The  genus  belongs  unmistakably  to  the  Artiodactyla  and  although 
there  are  many  striking  resemblances  to  the  SuidaB,  there  can  be 
no  doubt  that  it  was  one  of  the  Ruminants.  The  skull  and  den- 
tition have  long  been  known  from  the  accurate  descriptions  of  Dr. 
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Leidy  and  so  need  little  remark  here.  The  cervical  vertebrae  are 
plainly  of  the  ruminant  pattern,  markedly  so  in  the  case  of  the 
axis ;  the  thoracic  vertebrae  have  very  long  and  prominent  spines, 
and  small  bodies,  slightly  amphicoeloiis ;  the  lumbars  are  very 
heavy,  probably  five  in  number,  with  short  spines  and  broad,  flat, 
transverse  processes  ;  the  sacrum  has  but  two  vertebrae  which  touch 
the  ilium  with  two  or  three  ankylosed  to  these.  The  tail  was  long 
or  slender. 

The  limbs  were  remarkably  long  compared  with  the  size  of  the 
trunk,  and  with  the  short  head  and  short  metapodials  give  the 
skeleton  a  very  wolf-like  aspect.  The  ulna  and  radius  are  distinct 
throughout  their  entire  length ;  the  carpus  consists  of  eight  bones 
(including  the  pisiform)  which  are  very  suilline  in  character,  as 
are  the  short  and  unank3'losed  metacarpals.  The  ungual  phalanges 
are  long  and  pointed,  much  like  those  of  Hyopotamus.  The  most 
remarkable  fact  in  the  osteology  of  Oreodon  is  the  presence  of  a 
rudimentary  pollex^  the  only  Artiodactyl  in  which  it  has  ever  been 
found. 

The  pes  is  very  suilline  in  character  and  resembles  that  of  Hyo- 
potamus, containing  four  free  metatarsals  of  nearly  equal  size. 

As  regards  the  systematic  position  of  the  Oreondontidce^  they 
must  be  regarded  as  a  peculiar  side  branch  of  the  earliest  Selen- 
odonta  which  retain  many  features  of  their  Bunodont  ancestry. 
The  most  interesting  fact  which  they  show  is  that  the  Artiodactyla, 
like  the  Perissodactyla,  were  derived  from  a  primitive  group  of 
pentadactyl  ungulates. 


Historical  View  op  the  Fossil  Flora  op  the  Globe.  By 
Prof.  Lester  F.  Ward,  U.  S.  Geological  Survey,  Washing- 
ton, D.  C. 

[abstract.] 

The  writers  of  antiquity  make  no  mention  of  any  form  of  veg- 
etable petrifaction.  The  earliest  allusion  to  the  subject  was  made 
by  Albertus  Magnus  in  the  thirteenth  century.  Agricola  and 
Gesner  treated  of  petrified  wood  in  the  sixteenth  centur}'.  The 
first  mention  of  any  kind  of  vegetable  impression  in  the  rocks  was 
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made  by  Daniel  Major  of  Jena,  in  1664.  In  1699  Edward  Lbwjd 
of  London  wrote  an  extensive  treatise  on  such  impressions.  He 
maintained  that  they  were  the  remains  of  plants  that  had  perished 
in  the  Noachian  deluge.  In  1709  Scheuchzer  of  Switzerland  de- 
fended this  view  in  his  ^'Herbarium  diluvianum,"  a  large  work  in 
which  he  described  and  figured  many  fossil  plants,  referring  tliem 
to  species  living  in  Europe.  In  1718  this  author  went  so  far  as  to 
classify  the  fossil  plants  according  to  the  system  of  Tournefort.  In 
1723  he  published  a  new  edition  of  the  "Herbarium  diluvianum,"  in 
which  he  introduced  this  classification  and  enumerated  445  species. 
A  powerful  reaction  against  this  method  followed ;  comparisons 
with  living  plants  were  carefully  made  which  failed  to  establish  the 
identity  of  the  fossils.  The  idea  of  their  exotic  origin  was  there- 
upon suggested  and  for  a  time  prevailed,  but  towards  the  close  of 
the  eighteenth  century  this  in  turn  gave  way  to  the  true  view  of 
the  existence  of  former  geologic  periods  with  fioras  of  their  own 
differing  from  that  of  the  present.  Baron  von  Schlotheim  headed 
this  new  school  and  was  followed  by  Count  Sternberg  and  Adolphe 
Brongniart,  who  jointly  founded  the  science  of  vegetable  paleon- 
tology in  the  first  quarter  of  the  present  century. 

The  first  attempt  to  place  it  on  the  footing  of  a  systematic  sci- 
ence was  made  by  the  Bev.  Henry  Steinhauer  of  Bethlehem,  Penn- 
sylvania, in  a  paper  read  before  the  American  Philosophical 
Society  and  published  in  its  "Proceedings"  for  the  year  1818. 
In  this  paper  he  described  and  figured  ten  species  of  Waller's 
genus  Phytolithus,  which  was  made  to  embrace  nearly  all  forms  of 
vegetable  fossils.  Two  years  later  Schlotheim  in  his  "  Petrefac- 
tenkunde  "  applied  specific  names  to  sevent3'-eight  fossil  plants. 
Brongniart,  in  his  "  Prodrome "  published  in  1828,  went  much 
farther.  He  referred  many  fossil  plants  to  living  genera  and 
created  a  large  number  of  new  extinct  genera.  He  enumerated 
501  species,  many  of  which  were  fully  characterized  and  thoroughly 
illustrated  in  his  "  Histoire  des  vegdtaux  fossiles." 

A  census  of  fossil  plants  was  taken  by  Unger  in  1845  which 
showed  that  the  number  of  known  species  had  increased  to  1,648. 
In  1848  Goppert  made  a  similar  enumeration  and  found  2,055 
species.  The  extraordinary  activity  that  followed  in  the  develop- 
ing of  new  fossil  fioras  rendered  it  possible  for  Schimper  in  1874 
to  describe  about  6,000  species  in  his  great  vrork  "  Traits  de  pal6- 
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ontologie  v6g6tale."  The  decade  which  has  elapsed  since  the 
appearance  of  that  work  has  witnessed  extensive  investigations 
in  this  field,  particularly  in  the  arctic  regions  and  in  the  United 
States,  and  the  number  of  fossil  species  now  known  to  science  is 
probably  between  eight  and  nine  thousand. 

[A  table  accompanied  the  paper  showing  the  numerical  develop- 
ment of  the  fossil  flora.] 


Geological  view  of  the  fossil  flora  of  the  globe.  By 
Prof.  Lester  F.  Ward,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

LAB8TRACT.] 

The  most  ancient  vegetable  remains  known  are  two  species  of 
Oldhamia  from  the  Cambrian  of  Ireland.  From  the  Lower  Silu- 
rian forty-four  species,  chiefly  marine  algae,  have  been  named. 
Among  these,  however,  are  included  the  earliest  terrestrial  forms, 
viz.,  Eopteris  Morierei,  Sap.,  Sphenophyllum  primaevuniy  Lx.,  and 
two  other  vascular  plants  from  the  Cincinnati  group.  Of  the 
thirteen  species  of  the  Upper  Silurian  flve  are  vascular  plants, 
and  these  include  Cordaites  Hohhii^  Dawson,  from  H6rault.  The 
Devonian  furnish  188  species  of  fossil  plants  in  which  ferns  play 
the  leading  r6le,  while  from  Fermo-carboniferous  strata  nearly 
2,000  species  are  known.  OxAy  sixty-seven  species  are  found  in 
the  whole  of  the  Trias.  With  the  Rbetic  a  new  impulse  is  felt 
increasing  to  the  Oolite,  in  which  419  species  occur.  The  Upper 
Jurassic  and  lower  Cretaceous  are  sparingly  supplied  with  the 
remains  of  vegetation,- but  in  the  Cenomanian,  to  which  the  beds 
of  Atane,  Greenland  and  our  own  Dakota  group  of  Kansas  and 
Nebraska  are  refeiTcd,  nearly  500  species  of  fossil  plants  have  al- 
ready been  found.  The  Turonian,  with  its  probable  equivalent 
in  the  west,  the  Fort  Benton  group,  is  nearly  destitute  of  vege- 
table remains,  but  the  Senonian  immediately  overlying  it  with 
which  the  Canadian  geologists  have  correlated  certain  rich  plant 
beds  of  British  Columbia,  and  to  which  Heer's  flora  of  Patoot, 
Greenland,  must  be  referred,  yields  more  than  350  species.  The 
Laramie  group  of  the  western  United  States  is  thought  to  be  ex- 
treme ut)per  Cretaceous.  This  is  very  rich  in  plants  and  333  spe- 
cies have  already  been  described  from  the  horizon. 
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The  Tertiary  flora  is  much  more  abundant  even  than  that  of  the 
Carboniferous.  The  Eocene  furnishes  nearly  800  species  (includ- 
ing our  Green  River  group  and  the  Paleocene  beds  of  S^zaane 
and  Gelinden).  The  Oligocene  of  Europe  yields  a  somewhat 
larger  number.  The  maximum  is  attained  in  the  Miocene,  from 
which  more  than  three  thousand  fossil  plants  are  known.  The 
Miocene  practically  closes  the  geological  series  so  far  as  vegetable 
paleontology  is  concerned.  Only  about  150  Pliocene  species 
exist,  and  a  still  smaller  number  from  the  Quaternaiy. 

[The  paper  was  illustrated  by  a  table  showing  the  flora  of  each 
geological  formation,  and  by  a  diagram  illustrating  the  thickness 
of  the  strata  in  each  and  the  fluctuations  in  the  development  of 
plant  life.] 


BOTAKICAL     VIEW    OF     THE     FOSSIL     FLORA     OF     THE     GLOBE.      Bv 

Prof.   Lester  F.  Ward,  U.   S.  Geological   Survey,  Wash- 
ington, D.  C. 

[ABSTRACT.] 

I.  First  appearance  of  types.  The  Oldhamias  of  the  Cam- 
brian, mentioned  in  the  last  paper,  are  marine  algae  of  the  order 
Florideae.  The  Ferns,  Equisetineae,  and  Lycopodineae  all  ap- 
peared in  the  Lower  Silurian.  One  species  of  Cordaites,  which  is 
now  reganied  as  the  ancestral  type  of  the  Coniferae,  occurs  in  the 
Upper  Silurian.  The  Rliizocarpeae«  according  to  Dawson,  existed 
in  the  Devonian  of  Canada  and  Brazil.  The  Cvcadaceae  and  the 
Monocotyledons  have  their  earliest  known  representatives  in  the 
Carboniferous.  The  order  Gnetaceie  is  represented,  according  to 
Heer,  in  the  Oolite  of  Siberia  by  his  species  Ephedrites  antiquus. 
The  Dy cotyledons  first  appeareii  in  the  Urgonian  of  Kome, 
Greenland,  through  Heer's  single  species,  Pfpulus  primava.  All 
three  of  the  divisions  of  dieotyUHlonous  plants  occur  in  great 
abundance  in  the  Cenomanian.  If  the  genus  Selaginella  is  re- 
ganied as  belonging  to  the  Ligulat^,  this  small  transitional  type 
also  firs>t  ap[^ar»in  the  Cenomanian.  at  Atane«  Greenland. 

All  the  leading  ty(<es  of  vegetation  are  thus  introduced  withoot 
coming  down  the  geological  scale  later  than  the  middle  Creta- 
ceous. 
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II.  Age  of  maximum  relative  predominance  of  each  type.  The 
marine  algse,  being  the  only  vegetation,  were  supreme  during  the 
Cambrian  and  early  Silurian.  The  maximum  relative  predomi- 
nance of  each  of  the  other  principal  types  was  reached  as  follows : 
The  Ferns  in  the  Permian,  the  Equisetineiu  and  Lycopodineae  in  the 
Carboniferous,  the  Cycadacese  in  the  Lias  or  051ite,  the  Coniferae 
in  the  Wealden  or  Neocomian,  the  Monocotyledons  in  the  Eocene^ 
the  monochlamydoas  Dicotyledons  in  the  Cenomanian,  the  poly- 
petalous  Dicotyledons  in  the  Miocene,  and  the  gamopetalous  Di- 
cotyledons in  the  present  living  flora  of  the  globe. 

III.  Probable  true  period  of  origin  and  of  maximum  absolute 
developmefU  of  eadi  type.  Cellular  Cr}'ptogam8  of  some  kind 
probably  lived  in  the  Lanrentian  and  account  for  the  graphite 
beds  and  dark,  carbonaceous  matter  of  certain  Archaean  rocks. 
Being  an  heterogeneous  group  their  later  representatives  belonged 
to  entirely  different  families.  If  we  include  the  Fungi  the  number 
of  species  is  probably  greater  in  the  living  flora  than  it  was  at  any 
geological  epoch.  The  Ferns,  Equisetineae,  and  Lycopodineae 
probably  all  originated  in  the  Lower  Silurian  and  reached  their 
absolute  maximum  in  the  Carboniferous.  The  Cycadaceae  may 
have  originated  as  early  as  the  Devonian.  They  must  have  at^ 
taine<l  their  absolute  as  well  as  their  relative  maximum  develop- 
ment in  the  middle  Jurassic.  The  ConiferaB  through  their  archaic 
form,  the  Cordaiteae,  began  in  the  Lower  Silurian.  They  attained 
their  full  maturity  in  the  Cretaceous  and  are  now  on  the  decline. 
The  Monocotyledons  probably  date  back  to  the  Lower  Carbonif- 
erous or  Devonian  and  reached  their  highest  expression  in  the 
palms  whose  reign  occupied  the  early  Tertiary.  These  also  are 
probably  now  waning.  The  Dicotyledons  must  have  had  their 
real  origin  in  the  lower  Jura  or  upper  Trias.  Their  absolute 
probabl}^  coincides  with  their  relative  development,  the  Apetalae 
being  now  declining,  the  Polypetals  about  stationary,  and  the 
Gamapetalae  rapidly  advancing. 

[Diagrams  showing  the  observed  relative  development  and  the 
probable  origin  and  progress  of  each  of  the  principal  types  of 
vegetation  were  employed  to  illustrate  this  paper.] 
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The  torsion  of    leaves.  By  Prof.  W.  J.   Bkal,  Agricultural 
College,  Micb. 

[ABSTBACT.l 

When  slightly  wilted,  Chenopodium  aUmm  turns  one  edge  of 
most  leaves  toward  the  sky,  probably  because  the  petiole  is  slightly 
compressed. 

The  leaves  of  both  species  of  our  Typha  twist  with  the  sun  ;  the 
same  is  true  of  Sparganium.  Most  leaves  of  Acorns  Calamus 
twist  a  little  with  the  sun,  especially  toward  the  tip,  though  some 
twist  in  the  opposite  direction. 

The  leaves  of  FritiUaria  imperialis  twist  with  the  sun.  Those 
of  Allium  porrum.  Allium  carinaium  twist  well,  and  all  against 
the  sun.  The  leaves  of  Allium  cernuum  twist  indifferently  as  to 
direction,  and  the  twist  is  near  the  base  where  shaded.  The  leaves 
of  several  species  of  Iris  twist  against  the  sun,  though  on  some 
leaves  take  both  directions. 

The  ends  of  the  leaves  of  Gladiolus  all,  or  nearly  all,  twist 
against  the  sun.  All  of  the  above  leaves  are  erect  or  nearly  so. 
The  leaves  and  bracts  of  Liatris  scariosa  are  more  or  less  hori* 
20ntal  and  most  twist  with  the  sun,  or  what  would  be  so,  were  the 
leaves  tipped  up  erect.  The  true  upper  side  of  this  leaf  has  the  mid- 
rib most  prominent  and  contains  eighteen  stomata  to  about  twelve 
.for  the  lower  side.  The  ends  of  the  leaf  turn  to  the  right  as  the 
main  axis  is  held  before  us.  The  leaves  of  Cyperacece^  so  far  as 
seen  are  without  torsion. 

The  leaves  of  Phleumpratense^  Bromus  secalinus^  Barley,  Clawson 
wheat,  Triticum  repens,  twist  with  the  sun.  The  leaves  of  Pan* 
icum  capillare,  Zizania  aquatica  twist  about  as  much  one  way  as 
the  other.  The  leaves  of  seedling  oats,  so  far  as  seen,  nearly  all 
twist  against  the  sun  ;  those  of  Setaria  glauca  twist  uniformly  and 
well  against  the  sun,  while  leaves  of  Setaria  verticUUUa^  8.  viridis^ 
S.  Italica  Y&re\y  twist  any.  The  leaves  of  many  other  grasses 
were  studied.  The  anatomy  of  leaves,  the  overlapping  edge  of  the 
leaf  sheath,  the  action  of  wind,  sunshine  and  shade,  were  taken  into 
account.  In  many  cases,  especially  when  young,  the  leaf  twists 
most  toward  the  tips ;  in  some  older  leaves  it  is  confined  to  the 
base.  In  some  cases,  most  likely  the  sun  has  nothing  to  do  with 
the  torsion,  but  the  excess  of  growth  in  the  margins  of  the  blade 
or  petiole,  especially  when  the  midrib  is  not  very  stout. 
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Torsion  aids  slender  leaves  in  maintaining  an  erect  position. 
It  helps  expose  different  portions  of  the  leaf  to  direct  sunlight,  at 
different  times  of  the  day.  There  is  nothing  more  wonderful  in 
the  opposite  direction  assumed  by  leaves,  than  in  the  opposite 
course  taken  by  stems  of  CcUystigia  sepium^  all  of  which  are  good 
twiners. 


Polarity  op  leaves  op  Erigeron  canadense.    By  Prof.  W.  J. 
Bbal,  Agricultural  College,  Mich. 

[ABSTRACr.] 

On  smaller  stems  of  moderate  growth,  in  a  rather  still  place, 
well  exposed  to  the  sun,  the  slender  leaves  below  the  flowers  show 
polarity ;  those  on  the  north  and  south  sides  of  the  stem  showing 
torsion,  while  those  on  the  east  and  west  side  show  little,  if  any. 


Stomates   on    seeds.   By   Prof.  Geo.   Macloskib,  College  of 
New  Jersey,  Princeton,  N.  J. 

[AB8TBACT.] 

It  is  usually  said  that  seeds  have  no  stomates,  except  of  Canna. 

I  have  shown  that  the  seed  of  Magnolia  have  stomates,  and 
those  of  Lilium  speciosum  have  a  few. 

I  now  add  to  the  list  of  seeds  bearing  stomates  the  followin<y 
genera,  Polygala,  Hickory,  Black  walnut,  Viola,  Caulophyllum, 
Beech.  Arissema  has  a  covering  with  stomates  on  its  seeds^ 
which  is  probably  accessory  to,  and  not  really  a  coat  of  the  seed. 


The  influence  of  cross  fertilization  upon  the  development 

OF  THE   STRAWBERRY.      By   Prof.    WlLLIAM   R.  LaZENBY,  Ohio 

State  University,  Columbus,  Ohio. 

[ABSTRACT.] 

Few  questions  at  the  present  time  are  exciting  more  interest 
among  small  fruit  culturists  than  the  one  of  cross  fertilization* 
Whether  the  fecundation  of  one  variety  of  plant  by  another  of  the 
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same  or  different  species,  affects  tlie  size,  qaalitj,  and  general  ap- 
pearance of  the  fruit  so  fertilized  is  a  subject  that  baa  called  forth 
no  little  discussion  during  the  past  year.  Although  much  has 
been  written  upon  this  topic  and  various  conjectures  have  been 
offered  the  writer  is  not  aware  that  it  has  been  made  the  subject  of 
any  well  planned  and  carefully  executed  experiments. 

In  order  to  throw  some  light  upon  this  important,  yet  wholly  un- 
settled question,  some  investigations  were  conducted  at  the  Ohio 
Experiment  Station  the  past  summer,  a  brief  report  of  which  is 
herewith  given. 

Some  time  before  the  period  of  blossoming  of  the  strawberry  it 
was  decided  to  make  a  careful  study  of  the  different  varieties  with 
special  reference  to  the  following  points : — 

(1)  To  what  extent  are  the  so-called  pistillate  varieties  stamen- 
bearing?  (2)  What  is  the  comparative  difference  of  pollen  pro- 
duction in  the  bisexual  or  perfect  forms?  (8)  What  is  the  influ- 
ence upon  the  fruit  by  fertilizing  a  well-marked  pistillate  variety 
by  pollen  from  different  and  well  characterized  bisexual  or  perfect 
varieties  ?  As  the  station  had  upwards  of  sixty  varieties  of  the 
strawberry  in  a  fruiting  condition,  all  selected  with  care,  true  to 
name,  and  grown  in  plats  sufldciently  large  to  admit  of  reliable 
comparisons  and  estimates  as  to  productiveness,  quality,  etc.,  the 
opportunities  for  conducting  the  investigations  named  above  were 
exceedingly  good. 

in  regard  to  the  first  two  points  we  will  only  state  that  some 
abortive  stamens  were  found  in  every  one  of  the  thirty-six  so-called 
pistillate  varieties  that  were  examined.  In  every  instance  but  one, 
grains  of  pollen  were  also  discovered.  These  pollen  grains,  how- 
ever, were  often  imperfect.  In  the  bisexual  or  perfect  varieties 
there  was  quite  a  marked  variation  as  regards  the  number  of  sta- 
mens. Another  interesting  fact  is  that  the  quantity  of  pollen 
bears  no  definite  relation  to  the  number  of  stamens. 

Some  varieties,  like  the  Shai'pless,  showing  a  comparatively  large 
number  of  stamens  produced  a  small  amount  of  pollen,  while  in 
other  varieties  like  the  James  Vick,  the  amount  of  pollen  per  blos- 
som was  much  greater,  although  the  average  number  of  stamens 
was  considerably  less. 

In  order  to  answer  the  third  question, —  the  influence  upon  the 
fruit  of  pollen  from  different  varieties,  a  subject  with  which  this 
paper  has  especially  to  deal, — the  following  plan  was  adopted :  some 
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wooden  boxes  eighteen  inches  square  and  ten  inches  deep,  with* 
out  bottoms,  were  prepared.  Before  the  strawbenies  blossomed  a 
dozen  or  more  of  these  boxes  were  placed  at  different  points  in  a 
large  plat  of  the  Crescent  seedling  variety.  Each  box  was  placed 
so  as  to  enclose  some  strong,  healthy,  vigorous  plants.  When  put 
in  position  they  were  covered  with  a  single  plate  of  glass  white- 
washed, or  with  a  light  frame  over  which  was  stretched  oiled  cot- 
ton cloth.  The  plants  thus  enclosed  were  kept  securely  covered 
until  they  reached  the  period  of  full  bloom.  At  this  time  pollen 
was  conveyed  to  all  blossoms  that  were  in  a  suitable  condition,  all 
others  being  carefully  removed,  from  the  following  well-marked 
bisexual  varieties,  viz. :  Cumberland,  Triumph,  Sharpless,  Charles 
Downing,  and  James  Vick.  Pollination  was  effected  by  simply 
removing  some  blossoms  of  the  above  named  varieties  when  they 
were  shedding  their  pollen,  and  rubbing  them  gently  but  thoroughly 
over  the  stigmas  of  the  pistils  of  the  Crescent.  After  this  oper- 
ation had  been  performed  the  plants  were  kept  securely  covered 
until  it  was  seen  that  fertilization  had  taken  place,  or  until  the  pe- 
riod of  blossoming  was  over.  In  eveiy  case  two  boxes,  as  far  re- 
moved as  the  limits  of  the  plat,  about  one-eighth  of  an  acre,  would 
admit,  were  treated  in  the  same  way ;  that  is,  duplicate  tests  with 
each  variety  were  made,  and  in  two  cases  the  plants  in  three  boxes 
each  were  pollinized  with  the  same  variety. 

In  three  boxes  which  were  removed  each  from  the  others  in  the 
same  manner  the  plants  were  kept  covered,  but  no  attempt  at  pol- 
linization  was  made ;  the  object  being  to  find  out  whether,  under 
those  circumstances,  self-fertilization  would  or  would  not  take  place. 
In  these  boxes  no  blossoms  whatever  were  removed  and  the}*  were 
left  to  themselves  excepting  an  occasional  examination  to  see  if 
the  plants  remained  healthy  and  vigorous.  The  results  of  these 
tests  may  be  brieflj'  stated  as  follows :  In  two  of  the  three  boxes 
where  there  was  no  attempt  at  artificial  poUinization  no  fVuit  what- 
ever was  developed,  although  the  plants  blossomed  naturally  and 
appeared  strong  and  vigorous.  In  the  thiixi  box  a  number  of  im- 
perfect berries  were  found  upon  the  plants  growing  at  one  side, 
but  no  fruit  whatever  on  the  remaining  plants. 

It  was  noted  durigg  the  course  of  the  experiment  that  in  one  or 
two  instances  the  covers  of  the  boxes  had  been  interfered  with, 
and  partially  removed.  It  is  more  than  probable  that  such  had 
been  the  case  with  this  box.    In  all  of  the  boxes  where  the  plants 
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were  artificially  pollinized,  fertilization  followed  and  a  greater  or 
less  number  of  berries  was  the  result. 

Although  somewhat  imperfect,  in  every  instance  there  was  a 
marked  resemblance  in  shape,  size,  color,  and  general  appearance 
to  the  fruit  of  the  male  parent.  All  of  the  duplicate  tests  showed 
exactly  the  same  results. 

Owing  to  an  early  and  long  protracted  drought  strawberries 
grown  in  Central  Ohio  the  past  season  were  not  nearly  as  large  or 
perfect  as  they  usually  are.  The  same  cause  affected  the  cross- 
bred berries,  yet,  despite  this,  the  characteristics  of  the  male 
parent  were  plainly  evident  in  each  case.  So  strongly  did  they 
predominate  that  there  was  little  or  no  resemblance  to  the  fruit  of 
the  female  parent.  No  one  could  have  named  any  one  of  the  four 
cross-bred  samples  as  Crescents,  while  every  one  acquainted  with 
the  varieties  from  which  the  pollen  was  taken  could  readily  identify 
the  fruit  it  had  fertilized  as  the  same  variety.  Where  the  pollen 
of  the  Cumberland  Triumph  was  used  the  color  was  very  light  and 
the  berries  exceedingly  soft.  Those  fertilized  with  the  pollen  of 
the  James  Vick  were  small  but  very  firm  and  remarkably  perfect 
in  outline.  The  cross  with  the  Charles  Downing  showed  marked 
resemblance  in  shape,  color,  and  consistency  to  this  well  known 
variety.  It  showed  also  the  characteristic  gloss  of  this  fruit. 
Where  the  Sharpless  was  used  as  the  male  parent  the  berries  were 
large  and  irregular,  the  fruit  of  this  cross  being  much  more  imper- 
fect than  that  of  any  other  cross.  Thus  far  we  have  only  spoken 
of  the  effect  produced  by  cross-fertilizing  one  well  known  pistillate 
variety  of  the  strawberry,  the  Crescent. 

A  further  test  was  made  in  the  same  manner  by  poUinizing  a 
comparatively  new  pistillate  variety,  the  Manchester,  with  the 
Sharpless  and  with  the  James  Vick,  two  of  the  four  varieties  used 
to  fertilize  the  Crescent.  The  results  obtained  were  pracisely 
similar  to  those  already  described.  The  Manchester  fertilized  by 
the  Sharpless  produced  large  berries  resembling  the  Sharpless,  and 
possessing  few  of  the  characteristics  of  the  Manchester.  When 
artificially  pollinized  by  the  James  Vick,  the  Manchester  produced 
a  small,  firm,  perfect,  and  regular  berry  like  that  of  the  male 
parent. 

In  regard  to  the  effect  of  cross-fertilization  upon  the  flavor  we 
cannot  speak  as  confidently  as  of  the  characteristics  just  now 
named.      Being  anxious  to  save  the  seed  this  point  was  not 


BIOLOGY.  508 

thoroughly  tested.  In  our  judgment,  based  upon  a  careful  test  of 
only  a  few  berries,  the  difference  here  was  just  as  pronounced  as 
it  was  in  the  size,  shape,  and  color  of  the  fruit. 

In  addition  to  the  tests  already  reported  the  following  were  made. 

Four  boxes  like  those  already  described  were  placed  over  plants 
of  the  following  bisexual  or  perfect  varieties,  viz. :  Iron  Clad, 
Finch's  Prolific,  Charles  Downing  and  Sharpless.  These  were 
simply  covered  during  the  whole  period  of  blossoming.  In  each 
case  fair  samples  of  fruit  were  produced,  differing  in  no  respect 
from  the  fruit  of  the  same  variety  on  plants  growing  under  natural 
conditions.  Four  more  boxes  were  placed  over  the  following  pis- 
tillate varieties,  viz. :  Windsor  Chief,  Gypsy,  Photo,  and  Huddle- 
ston's  Favorite.  The  result  was  no  fruit  whatever,  although  each 
of  these  varieties  were  fairly  productive  where  the  plants  were  not 
thus  covered.  Two  questions  naturally  arise :  (1)  If  the  influence 
of  the  pollen  is  as  marked  as  our  experiments  indicate,  wh}*  has  it 
not  been  more  generally  observed  ?  That  the  same  variety  of 
strawberry  did  often  present  great  differences  has  frequently  been 
noticed,  but  has  usually  been  referred  to  the  influence  of  the  soil, 
fertilizers,  season,  climate,  etc. 

Several  years  ago  I  observed  that  the  Crescent  grown  in  a  certain 
garden  and  fertilized  by  the  Wilson  was  a  very  different  berry 
from  the  Crescent  grown  in  another  garden  and  fertilized  b}'  the 
Charles  Downing.  This  difference  was  then,  however,  all  attrib- 
uted to  other  causes. 

(2)  If  the  effect  of  cross-fertilization  is  as  marked  in  every  in- 
stance as  in  the  cases  described  how  do  our  well  known  varieties 
preserve  their  characteristics  ?  In  reply  to  this  question  we  must 
remember:  (1)  That  pistillate  vai'ieties  have  not  been  so  long  or 
generally  cultivated  as  bisexual  or  perfect  varieties.  (2)  That 
many  of  the  so-called  pistillate  varieties  produce  more  or  less  pollen. 
(3)  As  a  rule  quite  a  number  of  varieties  of  the  strawberry  are 
grown  in  close  proximity,  and  the  plants  are  probably  fertilized  by 
pollen  from  all  the  stamen-bearing  varieties.  Hence  the  influence 
of  one  may  be  neutralized  by  that  of  another.  In  all  our  sixty 
varieties  growing  side  by  side,  about  two-thirds  of  which  are  pis- 
tillate, the  characteristics  of  the  fruit  of  each  were  preserved,  and 
no  one  could  tell  by  an  examination  of  the  fruit  alone,  by  what 
pollen  any  one  variety  had  been  fertilized.  Yet  in  every  case 
where  a  variety  was  known  to  be  fertilized  by  the  pollen  from  just 
one  other  variety  the  influence  was  marked  and  decisive. 
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made  by  Daniel  Major  of  Jena,  in  1664.  In  1699  Edward  Lhwyd 
of  London  wrote  an  extensive  treatise  on  such  impressions.  He 
maintained  that  tliey  were  the  remains  of  plants  that  had  perished 
in  the  Noachian  deluge.  In  1709  Scheuchzer  of  Switzerland  de- 
fended this  view  in  his  "Herbarium  diluvianum,"  a  large  work  in 
which  he  described  and  figured  many  fossil  plants,  referring  them 
to  species  living  in  Europe.  In  1718  this  author  went  so  far  as  to 
classify  the  fossil  plants  according  to  the  system  of  Tournefort.  In 
1723  he  published  a  new  edition  of  the  "Herbarium  diluvianum,"  in 
which  he  introduced  this  classification  and  enumerated  445  species. 
A  powerful  reaction  against  this  method  followed ;  comparisons 
with  living  plants  were  carefully  made  which  failed  to  establish  the 
identity  of  the  fossils.  The  idea  of  their  exotic  origin  was  there- 
upon suggested  and  for  a  time  prevailed,  but  towards  the  close  of 
the  eighteenth  century  this  in  turn  gave  way  to  the  true  view  of 
the  existence  of  former  geologic  periods  with  fioras  of  their  own 
difiering  from  that  of  the  present.  Baron  von  Schlotheim  headed 
this  new  school  and  was  followed  by  Count  Sternberg  and  Adolphe 
Brongniart,  who  jointly  founded  the  science  of  vegetable  paleon- 
tology in  the  first  quarter  of  the  present  century. 

The  first  attempt  to  place  it  on  the  footing  of  a  systematic  sci- 
ence was  made  by  the  Rev.  Henry  Steinhauer  of  Bethlehem,  Penn- 
sylvania, in  a  paper  read  before  the  American  Philosophical 
Society  and  published  in  its  "Proceedings"  for  the  year  1818. 
In  this  paper  he  described  and  figured  ten  species  of  Waller's 
genus  Phytolithus,  which  was  made  to  embrace  nearly  all  forms  of 
vegetable  fossils.  Two  j^ears  later  Schlotheim  in  his  "  Petrefac- 
tenkunde  "  applied  specific  names  to  seventy-eight  fossil  plants. 
Brongniart,  in  his  "  Prodrome  "  published  in  1828,  went  much 
farther.  He  referred  many  fossil  plants  to  living  genera  and 
created  a  large  number  of  new  extinct  genera.  He  enumerated 
501  species,  many  of  which  were  fully  characterized  and  thoroughly 
illustrated  in  his  "  Histoire  des  v%etaux  fossiles." 

A  census  of  fossil  plants  was  taken  by  Unger  in  1845  which 
showed  that  the  number  of  known  species  had  increased  to  1,648. 
In  1848  Goppert  made  a  similar  enumeration  and  found  2,055 
species.  The  extraordinary  activity  that  followed  in  the  develop- 
ing of  new  fossil  fioras  rendered  it  possible  for  Schimper  in  1874 
to  describe  about  6,000  species  in  his  great  work  "  Traite  de  pale- 
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ontologie  y6g6tale."  The  decade  which  has  elapsed  since  the 
appearance  of  that  work  has  witnessed  extensive  investigations 
in  this  field,  particularly  in  the  arctic  regions  and  in  the  United 
States,  and  the  number  of  fossil  species  now  known  to  science  is 
probably  between  eight  and  nine  thousand. 

[A  table  accompanied  the  paper  showing  the  numerical  develop- 
ment of  the  fossil  flora.] 


Geological  view  of  the  fossil  flora  of  the  globe.  By 
Prof.  Lester  F.  Ward,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

lABSTRACT.] 

The  most  ancient  vegetable  remains  known  are  two  species  of 
Oldhamia  from  the  Cambrian  of  Ireland.  From  the  Lower  Silu- 
rian forty-four  species,  chiefly  marine  algae,  have  been  named. 
Among  these,  however,  are  included  the  earliest  terrestrial  forms, 
viz.,  Eopteria  Morierei^  Sap.,  Splieiiophyllum primaevum,  Lx.,  and 
two  other  vascular  plants  from  the  Cincinnati  group.  Of  the 
thirteen  species  of  the  Upper  Silurian  five  are  vascular  plants, 
and  these  include  Cordaites  Rohbii^  Dawson,  from  H6rault.  The 
Devonian  furnish  188  species  of  fos^^il  plants  in  which  ferns  play 
the  leading  r61e,  while  ft*om  Permo-carboniferous  strata  nearly 
2,000  species  are  known.  Onl}'  sixty-seven  species  are  found  in 
the  whole  of  the  Trias.  With  the  Rhetic  a  new  impulse  is  felt 
increasing  to  the  Oolite,  in  which  419  species  occur.  The  Upper 
Jurassic  and  lower  Cretaceous  are  sparingly  supplied  with  the 
remains  of  vegetation,* but  in  the  Cenomanian,  to  which  the  beds 
of  Atane,  Greenland  and  our  own  Dakota  group  of  Kansas  and 
Nebraska  are  referred,  nearly  500  species  of  fossil  plants  have  al- 
ready been  found.  The  Turonian,  with  its  probable  equivalent 
in  the  west,  the  Fort  Benton  group,  is  nearly  destitute  of  vege- 
table remains,  but  the  Senonian  immediately  overlying  it  with 
which  the  Canadian  geologists  have  correlated  certain  rich  plant 
beds  of  British  Columbia,  and  to  which  Heer's  flora  of  Patoot, 
Greenland,  must  be  referred,  yields  more  than  350  species.  The 
Laramie  group  of  the  western  United  States  is  thought  to  be  ex- 
treme ut)per  Cretaceous.  This  is  very  rich  in  plants  and  333  spe- 
cies have  already  been  described -from  the  horizon. 
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The  Tertiary  flora  is  mach  more  abundant  even  than  that  of  the 
Carboniferous.  The  Eocene  furnishes  nearly  800  species  (includ- 
ing our  Green  River  group  and  the  Paleocene  beds  of  S^zaane 
and  Gelinden).  The  Oligocene  of  Europe  yields  a  somewhat 
larger  number.  The  maximum  is  attained  in  the  Miocene,  from 
which  more  than  three  thousand  fossil  plants  are  known.  The 
Miocene  practically  closes  the  geological  seiies  so  far  as  vegetable 
paleontology  is  concerned.  Only  about  150  Pliocene  species 
exist,  and  a  still  smaller  number  from  the  Quaternary. 

[The  paper  was  illustrated  by  a  table  showing  the  flora  of  each 
geological  formation,  and  by  a  diagram  illustrating  the  thickness 
of  the  strata  in  each  and  the  fluctuations  in  the  development  of 
plant  life.] 


Botanical  view  of  the  fossil  flora  op  the  globe.  By 
Prof.  Lester  F.  Ward,  U.  S.  Geological  Survey,  Wash- 
ington, D.  C. 

[ABSTRACT.] 

I.  First  appearajice  of  types.  The  Oldhamias  of  the  Cam- 
brian, mentioned  in  the  last  paper,  are  marine  algae  of  the  order 
Florideae.  The  Ferns,  Equisetineae,  and  Lj'copodineae  all  ap- 
peared in  the  Lower  Silurian.  One  species  of  Cordaites,  which  is 
now  regarded  as  the  ancestral  type  of  the  Coniferae,  occurs  in  the 
Upper  Silurian.  The  Rliizocarpeae,  according  to  Dawson,  existed 
in  the  Devonian  of  Canada  and  Brazil.  The  Cycadaceae  and  the 
Monocotyledons  have  their  earliest  known  representatives  in  the 
Carboniferous.  The  order  Gnetaceai  is  represented,  according  to 
Heer,  in  the  Oolite  of  Siberia  b}'  his  species  Ephedntes  antiquus. 
The  Dy cotyledons  first  appeared  in  the  Urgonian  of  Kome, 
Greenland,  through  Heer's  single  species,  Populiis  pi'imoeva.  All 
three  of  the  divisions  of  dicotyledonous  plants  occur  in  great 
abundance  in  the  Cenomaniau.  If  the  genus  Selaginella  is  re- 
garded as  belonging  to  the  Ligulatae,  this  small  transitional  type 
also  first  appears  in  the  Cenomanian,  at  Atane,  Greenland. 

All  the  leading  types  of  vegetation  are  thus  introduced  without 
coming  down  the  geological  scale  later  than  the  middle  Creta- 
ceous. 
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II.  Age  of  maximum  relative  predominance  of  each  type.  The 
marine  algse,  being  the  only  vegetation,  were  supreme  daring  the 
Cambrian  and  early  Silurian.  The  maximum  relative  predomi- 
nance of  each  of  the  other  principal  types  was  reached  as  follows : 
The  Ferns  in  the  Permian,  the  EquisetineiB  and  Lycopodinese  in  the 
Carboniferous,  the  Cycadacese  in  the  Lias  or  Oolite,  the  Coniferse 
in  the  Wealden  or  Neocomian,  the  Monocotyledons  in  the  Eocene^ 
the  monochlamydous  Dicotyledons  in  the  Cenomanian,  the  poly- 
petalous  Dicotyledons  in  the  Miocene,  and  the  gamopetalous  Di- 
cotyledons in  the  present  living  flora  of  the  globe. 

III.  Probable  true  period  of  origin  and  of  maximum  absoliUe 
development  of  each  type.  Cellular  Cryptogams  of  some  kind 
probably  lived  in  the  Laurentian  and  account  for  the  graphite 
beds  and  dark,  carbonaceous  matter  of  certain  Archaean  rocks. 
Being  an  heterogeneous  group  their  later  representatives  belonged 
to  entirely  different  families.  If  we  include  the  Fungi  the  number 
of  species  is  probably  greater  in  the  living  flora  than  it  was  at  any 
geological  epoch.  The  Ferns,  Equisetinese,  and  Lycopodineae 
probably  all  originated  in  the  Lower  Silurian  and  reached  their 
absolute  maximum  in  the  Carboniferous.  The  Cycadacese  may 
have  originated  as  early  as  the  Devonian.  They  must  have  at^ 
tained  their  absolute  as  well  as  their  relative  maximum  develop^ 
ment  in  the  middle  Jurassic.  The  Coniferse  through  their  archaic 
form,  the  Cordaitese,  began  in  the  Lower  Silurian.  They  attained 
their  full  maturity  in  the  Cretaceous  and  are  now  on  the  decline. 
The  Monocotyledons  probably  date  back  to  the  Lower  Carbonif- 
erous or  Devonian  and  reached  their  highest  expression  in  the 
palms  whose  reign  occupied  the  early  Tertiary.  These  also  are 
probably  now  waning.  The  Dicotyledons  must  have  had  their 
real  origin  in  the  lower  Jura  or  upper  Trias.  Their  absolute 
probably  coincides  with  their  relative  development,  the  Apetalse 
being  now  declining,  the  Polypetalae  about  stationary,  and  the 
Gamapetalse  rapidly  advancing. 

[Diagrams  showing  the  observed  relative  development  and  the 
probable  origin  and  progress  of  each  of  the  principal  types  of 
vegetation  were  employed  to  illustrate  this  paper.] 
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The  torsion  of    leaves.  By  Prof.  W.  J.   Beal,  Agricultural 

College,  Mich. 

[abstbact.] 

When  slightly  wilted,  Chenopodium  album  turns  one  edge  of 
most  leaves  toward  the  sky,  probably  because  the  petiole  is  slightly 
compressed. 

The  leaves  of  both  species  of  our  Typha  twist  with  the  sun ;  the 
same  is  true  of  Sparganium,  Most  leaves  of  Acortis  Calamus 
twist  a  little  with  tlie  sun,  especially  toward  the  tip,  though  some 
twist  in  the  opposite  direction. 

The  leaves  of  FritiUaria  imperialis  twist  with  the  sun.  Those 
of  Allium  porrum.  Allium  cannatum  twist  well,  and  all  against 
the  sun.  The  leaves  of  Allium  cemuum  twist  indifferently  as  to 
direction,  and  the  twist  is  near  the  base  where  shaded.  The  leaves 
of  several  species  of  Ins  twist  against  the  sun,  though  on  some 
leaves  take  both  directions. 

The  ends  of  the  leaves  of  Gladiolus  all,  or  nearly  all,  twist 
against  the  sun.  All  of  the  above  leaves  are  erect  or  nearly  so. 
The  leaves  and  bracts  of  Liatris  scariosa  are  more  or  less  hori- 
zontal and  most  twist  with  the  sun,  or  what  would  be  so,  were  the 
leaves  tipped  up  erect.  The  true  upper  side  of  this  leaf  has  the  mid- 
rib most  prominent  and  contains  eighteen  stomata  to  about  twelve 
.for  the  lower  side.  The  ends  of  the  leaf  turn  to  the  right  as  the 
main  axis  is  held  before  us.  The  leaves  of  CyperacecBj  so  far  as 
seen  are  without  torsion. 

The  leaves  of  Phleumpratense^  Bromus  secalinus^  Barley,  Clawson 
wheat,  Triticum  repens^  twist  with  the  sun.  The  leaves  of  Pan* 
icum  capillare,  Zizania  aquatica  twist  about  as  much  one  way  as 
the  other.  The  leaves  of  seedling  oats,  so  far  as  seen,  nearly  all 
twist  against  the  sun  ;  those  of  Setaria  glauca  twist  uniformly  and 
well  against  the  sun,  while  leaves  of  Setaria  verticUla^a^  S.  vindw, 
/S.  Italica  rarely  twist  any.  The  leaves  of  many  other  grasses 
were  studied.  The  anatomy  of  leaves,  the  overlapping  edge  of  the 
leaf  sheath,  the  action  of  wind,  sunshine  and  shade,  were  taken  into 
account.  In  many  cases,  especially  when  young,  the  leaf  twists 
most  toward  the  tips ;  in  some  older  leaves  it  is  confined  to  the 
base.  In  some  cases,  most  likely  the  sun  has  nothing  to  do  with 
the  torsion,  but  the  excess  of  growth  in  the  margins  of  the  blade 
or  petiole,  especially  when  the  midrib  is  not  very  stout. 
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Torsion  aids  slender  leaves  in  maintaining  an  erect  position. 
It  helps  expose  different  portions  of  the  leaf  to  direct  sunlight,  at 
different  times  of  the  day.  There  is  nothing  more  wonderful  in 
the  opposite  direction  assumed  by  leaves,  than  in  the  opposite 
course  taken  by  stems  of  Calystigia  septum^  all  of  which  are  good 
twiners. 


Polarity  of  leaves  op  Erioeron  canadensb.    By  Prof.  W,  J. 
Beal,  Agricultural  College,  Mich. 

[ABSTRACT.] 

On  smaller  stems  of  moderate  growth,  in  a  rather  still  place, 
well  exposed  to  the  sun,  the  slender  leaves  below  the  flowers  show 
polarity ;  those  on  the  north  and  south  sides  of  the  stem  showing 
torsion,  while  those  on  the  east  and  west  side  show  little,  if  any. 


Stomates   on    seeds.    By   Prof.  Geo.    Maoloskie,  College  of 
New  Jersey,  Princeton,  N.  J. 

[abstract.] 

It  is  usually  said  that  seeds  have  no  stomates,  except  of  Canna. 

I  have  shown  that  the  seed  of  Magnolia  have  stomates,  and 
those  of  Lilium  speciosum  have  a  few. 

I  now  add  to  the  list  of  seeds  bearing  stomates  the  followin<^ 
genera,  Polygala,  Hickory,  Black  walnut,  Viola,  Caulophyllum, 
Beech.  Arissema  has  a  covering  with  stomates  on  its  seeds, 
which  is  probably  accessory  to,  and  not  really  a  coat  of  the  seed. 


The  influence  of  cross  fertilization  upon  the  development 

OF  THE   STRAWBERRY.      By   Prof.    WiLLIAM   R.  LaZENBY,  Ohio 

State  University,  Columbus,  Ohio. 

[ABSTRACT.] 

Few  questions  at  the  present  time  are  exciting  more  interest 
among  small  fruit  culturists  than  the  one  of  cross  fertilization! 
Whether  the  fecundation  of  one  variety  of  plant  by  another  of  the 
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same  or  different  species,  affects  the  size,  quality,  and  general  ap- 
pearance of  the  fruit  so  fertilized  is  a  subject  that  has  called  forth 
no  little  discussion  during  the  past  year.  Although  much  has 
been  written  upon  this  topic  and  various  conjectures  have  been 
offered  the  writer  is  not  aware  that  it  has  1>een  made  the  subject  of 
any  well  planned  and  carefully  executed  experiments. 

In  order  to  throw  some  light  upon  this  important,  yet  wholly  un- 
settled question,  some  investigations  were  conducted  at  the  Ohio 
Experiment  Station  the  past  summer,  a  brief  report  of  which  is 
herewith  given. 

Some  time  before  the  period  of  blossoming  of  the  strawberry  it 
was  decided  to  make  a  careful  study  of  the  different  varieties  with 
special  reference  to  the  following  points : — 

(1)  To  what  extent  are  the  so-called  pistillate  varieties  stamen- 
bearing?  (2)  What  is  the  comparative  difference  of  pollen  pro- 
duction in  the  bisexual  or  perfect  forms?  (3)  What  is  the  influ- 
ence upon  the  fruit  by  fertilizing  a  well-marked  pistillate  variety 
by  pollen  from  different  and  well  characterized  bisexual  or  perfect 
varieties  ?  As  the  station  had  upwards  of  sixty  varieties  of  the 
strawberry  in  a  fruiting  condition,  all  selected  with  care,  true  to 
name,  and  grown  in  plats  sufficiently  large  to  admit  of  reliable 
comparisons  and  estimates  as  to  productiveness,  quality,  etc.,  the 
opportunities  for  conducting  the  investigations  named  above  were 
exceedingly  good. 

In  regard  to  the  first  two  points  we  will  only  state  that  some 
abortive  stamens  were  found  in  every  one  of  the  thirty-six  so-called 
pistillate  varieties  that  were  examined.  In  every  instance  but  one, 
grains  of  pollen  were  also  discovered.  These  pollen  grains,  how- 
ever, were  often  imperfect.  In  the  bisexual  or  perfect  varieties 
there  was  quite  a  marked  variation  as  regards  the  number  of  sta- 
mens. Another  interesting  fact  is  that  the  quantity  of  pollen 
bears  no  definite  relation  to  the  number  of  stamens. 

Some  varieties,  like  the  Sharpless,  showing  a  comparatively  large 
number  of  stamens  produced  a  small  amount  of  pollen,  while  in 
other  varieties  like  the  James  Vick,  the  amount  of  pollen  per  blos- 
som was  much  greater,  although  the  average  number  of  stamens 
was  considerably  less. 

In  order  to  answer  the  third  question, —  the  influence  upon  the 
fruit  of  pollen  from  different  varieties,  a  subject  with  which  this 
paper  has  especially  to  deal, — the  following  plan  was  adopted :  some 
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wooden  boxes  eighteen  inches  square  and  ten  inches  deep,  with- 
out bottoms,  were  prepared.  Before  the  strawbernes  blossomed  a 
dozen  or  more  of  these  boxes  were  placed  at  different  points  in  a 
large  plat  of  the  Crescent  seedling  variety.  Each  box  was  placed 
so  as  to  enclose  some  strong,  healthy,  vigorous  plants.  When  put 
in  position  they  were  covered  with  a  single  plate  of  glass  white- 
washed, or  with  a  light  frame  over  which  was  stretched  oiled  cot- 
ton cloth.  The  plants  thus  enclosed  were  kept  securely  covered 
until  they  reached  the  period  of  full  bloom.  At  this  time  pollen 
was  conveyed  to  all  blossoms  that  were  in  a  suitable  condition,  all 
others  being  carefully  removed,  from  the  following  well-marked 
bisexual  varieties,  viz. :  Cumberland,  Triumph,  Sliarpless,  Charles 
Downing,  and  James  Vick.  Pollination  was  effected  by  simply 
removing  some  blossoms  of  the  above  named  varieties  when  they 
were  shedding  their  pollen,  and  rubbing  them  gently  but  thoroughly 
over  the  stigmas  of  the  pistils  of  the  Crescent.  After  this  oper- 
ation had  been  performed  the  plants  were  kept  securely  covered 
until  it  was  seen  that  fertilization  had  taken  place,  or  until  the  pe- 
riod of  blossoming  was  over.  In  every  case  two  boxes,  as  far  re- 
moved as  the  limits  of  the  plat,  about  one-eighth  of  an  acre,  would 
admit,  were  treated  in  the  same  way ;  that  is,  duplicate  tests  with 
each  variety  were  made,  and  in  two  cases  the  plants  in  three  boxes 
each  were  pollinized  with  the  same  variety. 

In  three  boxes  which  were  removed  each  from  the  others  in  the 
same  manner  the  plants  were  kept  covered,  but  no  attempt  at  pol- 
linization  was  made ;  the  object  being  to  find  out  whether,  under 
those  circumstances,  self-fertilization  would  or  would  not  take  place. 
In  these  boxes  no  blossoms  whatever  were  removed  and  they  were 
left  to  themselves  excepting  an  occasional  examination  to  see  if 
the  plants  remained  healthy  and  vigorous.  The  results  of  these 
tests  may  be  briefl}^  stated  as  follows :  In  two  of  the  three  boxes 
where  there  was  no  attempt  at  artificial  pollinization  no  fruit  what- 
ever was  developed,  although  the  plants  blossomed  naturally  and 
appeared  strong  and  vigorous.  In  the  thiixl  box  a  number  of  im- 
perfect berries  were  found  upon  the  plants  growing  at  one  side, 
but  no  fruit  whatever  on  the  remaining  plants. 

It  was  noted  duripg  the  course  of  the  experiment  that  in  one  or 
two  instances  the  covers  of  the  boxes  had  been  interfered  with, 
and  partially  removed.  It  is  more  than  probable  that  such  had 
been  the  case  with  this  box.    In  all  of  the  boxes  where  the  plants 
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were  artificially  pollinized,  fertilization  followed  and  a  greater  or 
less  namber  of  berries  was  the  result. 

Although  somewhat  imperfect,  in  every  instance  there  was  a 
marked  resemblance  in  shape,  size,  color,  and  general  appearance 
to  the  fruit  of  the  male  parent.  All  of  the  duplicate  tests  showed 
exactly  the  same  results. 

Owing  to  an  early  and  long  protracted  drought  strawberries 
grown  in  Central  Ohio  the  past  season  were  not  nearly  as  large  or 
perfect  as  they  usually  are.  The  same  cause  affected  the  cross- 
bred berries,  yet,  despite  this,  the  characteristics  of  the  male 
parent  were  plainly  evident  in  each  case.  So  strongly  did  they 
predominate  that  there  was  little  or  no  resemblance  to  the  fruit  of 
the  female  parent.  No  one  could  have  named  any  one  of  the  four 
cross-bred  samples  as  Crescents,  while  every  one  acquainted  with 
the  varieties  from  which  the  pollen  was  taken  could  readily  identify 
the  fruit  it  had  fertilized  as  the  same  variety.  Where  the  pollen 
of  the  Cumberland  Triumph  was  used  the  color  was  very  light  and 
the  berries  exceedingly  soft.  Those  fertilized  with  the  pollen  of 
the  James  Vick  were  small  but  very  firm  and  remarkably  perfect 
in  outline.  The  cross  with  the  Charles  Downing  showed  marked 
resemblance  in  shape,  color,  and  consistency  to  this  well  known 
variety.  It  showed  also  the  characteristic  gloss  of  this  fruit. 
Where  the  Sharpless  was  used  as  the  male  parent  the  berries  were 
large  and  irregular,  the  fruit  of  this  cross  being  much  more  imper- 
fect than  that  of  any  other  cross.  Thus  far  we  have  only  spoken 
of  the  efiTect  produced  by  cross-fertilizing  one  well  known  pistillate 
variety  of  the  sti^awberry,  the  Crescent. 

A  fuither  test  was  made  in  the  same  manner  by  pollinizing  a 
comparatively  new  pistillate  variety,  the  Manchester,  with  the 
Sharpless  and  with  the  James  Vick,  two  of  the  four  varieties  used 
to  fertilize  the  Crescent.  The  results  obtained  were  precisely 
similar  to  those  already  described.  The  Manchester  fertilized  by 
the  Sharpless  produced  large  berries  resembling  the  Sharpless,  and 
possessing  few  of  the  characteristics  of  the  Manchester.  When 
artificially  pollinized  by  the  James  Vick,  the  Manchester  produced 
a  small,  firm,  perfect,  and  regular  berry  like  that  of  the  male 
parent. 

In  regard  to  the  efifect  of  cross-fertilization  upon  the  flavor  we 
cannot  speak  as  confidently  as  of  the  characteristics  just  now 
named.      Being  anxious  to  save  the  seed  this  point  was  not 
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thoroughly  tested.  In  our  judgment,  based  upon  a  careful  test  of 
only  a  few  berries,  the  diffSerenee  here  was  just  as  pronounced  as 
it  was  in  the  size,  shape,  and  color  of  the  fruit. 

In  addition  to  the  tests  already  reported  the  following  were  made. 

Four  boxes  like  those  already  described  were  placed  over  plants 
of  the  following  bisexual  or  perfect  varieties,  viz. :  Iron  Clad, 
Finch's  Prolific,  Charles  Downing  and  Sharpless.  These  were 
simply  covered  during  the  whole  period  of  blossoming.  In  each 
case  fair  samples  of  fruit  were  produced,  differing  in  no  respect 
from  the  fruit  of  the  same  variety  on  plants  growing  under  natural 
conditions.  Four  more  boxes  were  placed  over  the  following  pis- 
tillate varieties,  viz. :  Windsor  Chief,  Gypsy,  Photo,  and  Huddle- 
ston's  Favorite.  The  result  was  no  fruit  whatever,  although  each 
of  these  varieties  were  fairly  productive  where  the  plants  were  not 
thus  covered.  Two  questions  naturally  arise :  (1)  If  the  influence 
of  the  pollen  is  as  marked  as  our  experiments  indicate,  wh}*  has  it 
not  been  more  generally  observed  ?  That  the  same  variety  of 
strawberry  did  often  present  great  differences  has  frequently  been 
noticed,  but  has  usually  been  referred  to  the  influence  of  the  soil, 
fertilizers,  season,  climate,  etc. 

Several  years  ago  I  observed  that  the  Crescent  grown  in  a  certain 
garden  and  fertilized  by  the  Wilson  was  a  very  different  berry 
from  the  Crescent  grown  in  another  garden  and  fertilized  b}'  the 
Charles  Downing.  This  difference  was  then,  however,  all  attrib- 
uted to  other  causes. 

(2)  If  the  effect  of  cross-fertilization  is  as  marked  in  every  in- 
stance as  in  the  cases  described  how  do  our  well  known  varieties 
preserve  their  characteristics  ?  In  reply  to  this  question  we  must 
remember :  (1)  That  pistillate  varieties  have  not  been  so  long  or 
generally  cultivated  as  bisexual  or  perfect  varieties.  (2)  That 
many  of  the  so-called  pistillate  varieties  produce  more  or  less  pollen. 
(3)  As  a  rule  quite  a  number  of  varieties  of  the  strawberry  are 
grown  in  close  proximity,  and  the  plants  are  probably  fertilized  by 
pollen  from  all  the  stamen-bearing  varieties.  Hence  the  influence 
of  one  may  be  neutralized  by  that  of  another.  In  all  our  sixty 
varieties  growing  side  by  side,  about  two-thirds  of  which  are  pis- 
tillate, the  characteristics  of  the  fruit  of  each  were  preserved,  and 
no  one  could  tell  by  an  examination  of  the  fruit  alone,  by  what 
pollen  any  one  variety  had  been  fertilized.  Yet  in  ever}'  case 
where  a  variety  was  known  to  be  fertilized  by  the  pollen  from  just 
one  other  variety  the  influence  was  marked  and  decisive. 
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Influence  of  insolation  upon  vegetation.    By  Dr.  E.  Lewis 
Sturtevant,  Geneva,  N.  Y. 

The  action  of  temperature  and  light  upon  vegetation  is  to  ad- 
vance growth  and  form  plant  prodact  ander  the  guidance  of  the 
life  or  vitality  of  the  plant.  Thermometnc  data  seem  insuflScient 
alone  to  explain  the  phenomena  of  assimilation.  The  difficulties 
of  an  investigation  of  such  complexity  arise  from  insufficiency  of 
records,  as  well  as  from  the  individuality  of  the  seed,  and  the 
varied  temperaments  of  different  observers.  At  the  New  York 
Agricultural  Experiment  Station,  Geneva,  records  of  the  maxima 
and  minima  thermometers  have  been  kept,  and  of  the  temperature 
of  the  soil  at  1  in.,  3  in.,  6  in.,  9  in.,  and  12  in.  in  depth,  and  as 
well  of  the  planting,  germination,  blooming,  etc.,  of  individual 
plants.  From  these  data  the  present  paper  is  prepared,  which 
gives  only  the  relations  of  the  plant  maturation  to  the  observed 
temperatures. 

For  our  purposes  the  first  plant  which  vegetated,  bloomed,  or  be- 
came ripe  is  taken ;  another  course  would  have  involved  a  greater 
uncertainty.  Thus  in  128  varieties  of  maize,  four  hills  of  each, 
the  average  variation  between  the  blooming  of  the  first  and  last 
hill  was  4.92  days,  the  extremes  0  and  19  days.  Properly  classi- 
fied these  differences  were  as  follows : 

Average  difference,  days.     Greatest  difference,  days. 

19 
10 
10 
10 
8 
4 
15 

128  4.99 

As  the  temperature  of  the  soil,  as  well  as  that  of  the  air  influ- 
ences growth,  we  have  in  addition  to  the  mean  of  the  maxima  and 
minima,  calculated  the  mean  of  the  air  and  soil  readings.  Sachs 
gives  the  lowest  temperatures  for  germination  for  maize  at  49.^1 
F.,1  Koppen  at  49^.2  F.  We  may  assume,  therefore,  for  maize  that 
growth  does  not  take  place  much  below  50^  F.,  and  can  form  a  set 
of  figures  which  shall  represent  temperatures  above  50^  for  maize, 
and  in  like  manner  above  44°  for  the  pea. 

1  At  a  temperature  oTBV  to  42*  F.,  the  Chester  Co.  Mammoth  com  germinated  in  480 
honrs  during  a  trial  at  the  New  York  Agricnlturai  Experiment  Stationending  April 
4, 1885;  the  Waashaknm,  In  480  taoura. 
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The  average  of  the  two  years'  determinations  shows  the  fol- 
lowing figures: 

Snm  of  daily  mean  temperatures  between  Teg- 
etation  and  bloom. 


Calculated 

on 

Calculated  on  air 

air  temperature. 

and  soil  to  1  foot 

Sweet  Corn. 

Total. 

Above  50*. 

Above  60*. 

Crosby's  Early, 

3595* 

845* 

937* 

Dolly  Dntton, 

8181* 

756* 

859* 

Egyptian, 

4342* 

1042* 

1182* 

Stoweirs  Evergreen, 

4400* 

1050* 

lur 

Flint  Cokn. 

Forty  Days, 

8328* 

803* 

854* 

King  Philip, 

8751* 

901* 

965* 

Bnral  Thoroughbred, 

4668* 

1118* 

1210* 

Wanshaknm, 

8608* 

893* 

966* 

Dent  Corn. 

Adams  Early, 

858ft* 

839* 

978* 

Benton, 

418r 

1012* 

1086* 

Blount's  Proliflo, 

473r 

1162* 

1235* 

Chester  Co.  Mammoth, 

6192* 

1342* 

1319* 

Sibley's  Pride  of  the  North, 

8818* 

948* 

987* 

Sum  of  daily  mean  temperatures  between  veg- 

etation  and 

ripeness. 

Calculated 

on 

Calculated  on  air 

air  temperature. 

and  soil  to  1  foot 

Pea. 

Total. 

Above  44*. 

Total. 

Above  44*. 

American  Wonder, 

8648* 

1150* 

8778* 

1286* 

Champion  of  England, 

4516* 

1877* 

4645* 

1606» 

Kentish  Invicta, 

8874* 

1176* 

4199* 

1601* 

McLean's  Advancer, 

4515* 

1S76* 

4659* 

1520* 

Premium  Gem, 

8836* 

1152* 

8934* 

1250^ 

Telephone, 

4576* 

1408* 

4692* 

1624" 

That  these  figures  show  what  in  the  present  state  of  my  knowl- 
edge I  may  call  eccentricilies,  seems  evident;  they  also  show 
a  variety  difiference  of  considerable  extent,  and  justify  the  asser* 
tion  that  until  investigators  give  the  vernacular  identifying  name 
to  a  variety  used,  instead  of  the  specific  name,  there  can  be  but 
little  wonder  at  the  difiference  of  results  claimed  by  dififerent  ob- 
servers. It  is  probable  that  actinism  has  an  influence  scarcely 
second  to  temperature. 


A   BOTANICAL   STUDY   OF  THE   MITE-GALI.   FOUND  ON  THE  PETIOLE  OF 
JUGLANS   NIGRA,  KNOWN  AS    ErINEUM   ANOMALUM    ScHW.      By 

Miss  Lillie  J.  Martin,  High  School,  Indianapolis,  Ind. 

[AB8TBA0T.] 

I.    A  general  survey  of  the  gall  as  to  position,  number,  effect 
on  petiole,  general  appearance,  etc.,  etc. 
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II.  A  description  and  comparison  of  the  microscopical  appear- 
ance of  the  gall  and  normal  petiole. 

a.  The  walnut  petiole  resembles  that  of  many  other  dicotyled- 
onoas  plants  in  the  arrangement  of  the  fihro-vascular  bandies,  the 
parenchyma  above  the  bundles,  the  epidermis  and  the  clustered  and 
glandular  hairs. 

&.  The  fibro-vascular  bundles  in  the  gall  are  much  bent  and 
folded ;  trachedes  have  replaced  the  tracheary  vessels,  the  wood 
and  bast  are  not  increased  in  amount  but  are  more  widely  distrib- 
uted. The  parenchyma  above  is  composed  of  larger  cells  than 
those  in  the  parenchyma  of  the  normal  petiole  and  the  cells  con- 
tain much  more  protoplasm.  The  epidermal  cells  ai*e  thin-walled, 
irregular  in  shape,  large,  in  fact  quite  unlike  normal  epidermal 
cells.  The  gall  hairs  seem  to  be  outgrowths,  or  rather,  continu- 
ations of  the  epidermal  cells  and  not  true  trichomes.  They  are 
larger  than  the  hairs  of  the  normal  petiole  and  quite  unlike  them 
in  shape  and  contents.  When  the  purplish-red  coloring  matter 
which  they  contain  is  removed  they  are  found  to  contain  a  brown 
granular  substance. 

III.  Suggestions  as  to  development.  These  are  founded  on  a 
comparison  of  the  gall  with  the  normal  petiole. 

a.  The  gall  must  have  started  very  early  in  the  growth  of  the 
petiole,  for  no  vestiges  of  normal  tissues  are  found  nor  does  the 
resemblance  between  the  corresponding  parts  of  the  gall  and  nor- 
mal petiole  suggest  that  the  first  is  a  modification  of  the  second. 

b.  The  development  was  inward  doubtless.  The  eggs  are  on 
the  outside  and  there  is  no  indication  that  the  tissues  have  been 
pierced  by  the  ovipositor. 

c.  Reference  is  made  to  the  value  of  the  various  modifications 
to  the  mite. 


The  adventitious   inflorescence  of  Cusguta  gloherata.    By 
Prof.  G.  E.  Besset,  Lincoln,  Neb. 

[ABSTRAOT.l 

Close  examination  of  the  young  plant  of  Cuscuta  glomeraia 
shows  that  the  infiorescence  is  developed  from  numerous  crowded 
adventitious  buds,  and  not  by  the  repeated  branching  of  axillary 
flowering  branches,  as  is  commonly  stated. 
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Utbicdlaria  ydloabis  with  touno  t£leo8tean  fishes  entrapped 
in  the  bladder  traps  of  that  plant.  by  h.  n.  moselet, 
Professor  of  Anatomy,  University  of  Oxford,  England. 

[ABSTRACT.] 

Specimens  of  the  plant  with  young  fishes  caught  in  its  bladder 
traps  were  exhibited. 


On  the  EXTINCTION  OF  SPECIES.     By  Prof.  Thomas  Meehan, 
Germantown,  Pa. 

[ABSTRACT.] 

The  author  refers  to  the  statement  of  Mr.  Darwin's  Origin  of 
Speciesy  p.  279,  '*  that  if  we  ask  ourselves  why  this  or  that  species 
is  rare,  we  answer  that  something  is  unfavorable  in  its  conditions 
of  life,  but  what  that  something  is,  we  can  hardly  ever  tell.'' 
In  this  paper  the  author  shows  that  dichogamy  and  agencies  for 
cross-fertilization  in  flowers,  are  evidently  to  be  classed  among 
the  unfavorable  conditions  of  life  and  are  doubtless  part  of  a 
natural  law  providing  for  the  final  extinction  of  species. 


Objections  to  some  commonly  acoepied  views  of  hereditt. 
By  Prof.  Alpheds  Htatt,  Curator  Society  Natural  History, 
Boston,  Mass. 

[ABSTRACT.] 

Heredity  has  no  need  of  the  gemmule  hypothesis  or  pangene- 
sis, but  can  be  equally  well  understood  upon  the  supposition  that 
the  nuclei  of  cells  are  the  immediate  agents  of  the  transmission  of 
characteristics.  The  author  then  presented  the  case  of  a  man  in 
Maine  who  resembled  the  mother  on  one  side  and  the  father  on  the 
other,  as  an  illustration  of  his  theory  and  contested  Prof.  Brooks' 
position  with  regard  to  heredity. 
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Fertilitt  in  hybridization.    By  Hon.  Robert  Barnwell  Roose* 
VKLT,  New  York,  N.  Y. 

Before  entering  into  the  gist  of  the  matter  implied  by  the  title 
of  this  paper  it  may  be  wise  to  determine  the  true  meaning  of  the 
word  '^hybridization."  "Rare  old  Ben"  Jonson  remarks  of  a 
young  lady  in  one  of  his  plays  that,  "  she's  wild  Irish  born,  sir, 
and  a  hybride."  Now  if  that  is  to  be  the  aoceptation  of  the  word 
'^hybrid"  the  end  of  this  article  is  reached  before  it  is  fairly  com- 
menced, for  that  fertility  exists  among  the  ''wild  Irish,"  and  to  no 
small  degree,  no  one  doubts  who  has  seen  the  "beautiful  plenty" 
of  children  in  and  around  the  cabins  of  "old  Ireland."  Indeed, 
under  that  construction,  our  entire  American  nation  might  be  called 
a  race  of  hybrids  for  are  we  not  the  intermixture  of  representatives 
of  the  sons  and  daughters  of  the  entire  earth,  whether  born  on  the 
green  sod  of  the  "Gem  of  the  Sea"  or  under  the  tropical  sun  of 
Africa,  the  "what  is  its,"  of  Central  America  or  the  moon-eyed 
followers  of  Confucius.  Fortunately  however  we  discover  a  charm- 
ing diversity  of  opinion  herein  as  with  the  case  of  more  than  one 
other  scientific  problem  and  find  a  doubt  and  disagreement  as  to  the 
very  meaning  and  derivation  of  the  term  hybrid.  By  some  learned 
authorities  it  is  derived  from  "/iyftj'tda,"  Latin  for  monstrosity,  an 
outrage  upon  or  insult  to  nature,  order,  propriety  and  beauty.  But 
other  equally  scientific  writers  assure  us  that  the  word  is  derived 
from  the  Greek  oliptd  which  means  superior,  above,  improved. 
It  is  unnecessary  to  observe  how  well  that  definition  would  apply 
to  the  American  nation  and  even  "rare  old  Ben"  may  have  had 
this  interpretation  in  view  when  he  printed  that  line  as  he  spelled 
the  word  with  an  "e,"  making  his  wild  Irish  girl  a  "high  bride." 
Something  of  this  superiority  I  hope  may  be  found  in  the  creatures 
to  which  I  am  about  to  refer  although  they  will  at  the  same  time 
come  under  the  more  common  definition  of  mongrel  or  cross  between 
different  races  or  families.  The  term  race  or  family  is  not  used  in 
a  purely  accurate  scientific  sense,  for  hybridization  even  with  plants 
has  been  limited  to  species  nearly  allied.  With  them  specifical 
hybridism  may  be  said  not  to  be  unusual  even  in  a  state  of  nature 
but  with  living  creatures  it  is  mostly  if  not  entirely  forced,  or 
brought  about  through  the  interference  of  man.  The  union  of  the 
wild  bore  with  the  domestic  sow  and  of  the  wolf  and  the  dog  which 
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are  more  or  less  natural  are  not  hybridization  in  the  true  sense  of 
the  word  as  the  species  which  have  thus  united  are  admitted  to  be 
identical  in  their  origin  and  only  modified  by  domestication.  The 
case  of  the  lion  with  the  tigress  is  too  rare  to  be  considered  and 
among  animals  we  are  brought  practically  to  that  of  the  horse  and 
the  jackass  which  produces  our  common  and  useful  mule.  That 
the  mule  is  the  superior  of  its  progenitors  on  both  sides  will  hardly 
be  admitted,  but  both  the  mule  and  the  janette  with  a  few  rare  ex- 
ceptions have  proved  themselves  sterile.  The  law  of  nature 
throughout  all  terrestrial  life  seems  to  be  that  no  mongrel  should 
procreate,  no  hybrid  create  a  new  race  or  species,  but  that  like  the 
fairies  when  they  died  they  were  to  die  out  of  existence  leaving  no 
heirs  to  their  fame  or  name.  This  rule  holds  as  to  the  mammalia 
without  an  exception  and  it  is  only  when  we  come  to  another  and 
perhaps  inferior  order  of  life  that  we  have  lately  found  modifica- 
tions of  it. 

When  fish-culture  grew  from  mere  individual  and  occasional 
effort  into  a  science  and  system,  one  of  the  possibilities  which  sug- 
gested itself  to  ingenious  minds  was  the  crossing  of  different 
species.  As  the  entire  operation  of  producing  fertility  was  arti- 
ficial, there  was  no  sexual  repugnance  against  intercourse  to  be 
overcome,  the  eggs  of  any  species  of  female  being  stripped  Arom 
her  could  be  fertilized  by  the  milt  from  the  male  of  any  other  species. 
That  is,  the  spermatozoal  embryos  could  be  brought  into  contact 
whether  fertility  followed  or  not  which  at  first  was  doubtful.  The 
crosses  made  in  this  way  under  the  New  York  state  fishery  com- 
mission have  been  very  numerous  and  in  some  instances  quite 
unnatural  and  the  results  have  proved  equally  surprising  and 
unexpected.  The  first  cross  was  that  of  the  California  salmon, 
Salmo  quinnat  and  the  brook  trout,  Salmo  fontinalis.  This  was 
in  the  year  1876  and  the  species  being  so  closely  allied  fertility  of 
the  eggs  and  vitality  of  the  3'oung  could  almost  be  predicted  with 
certainty.  Then  came  the  cross  of  the  salmon  or  lake  trout, 
Salmo  confinis  with  the  brook  trout,  then  the  California  trout,  the 
Salmo  iridea  and  the  brook  trout,  and  thereafter  the  entire  ranse 
of  the  salmon  and  trout  families,  as  far  as  they  were  within  the 
reach  of  the  operators,  were  combined  in  many  and  curious  pro- 
portions. Outside  of  that,  even  more  remarkable  attempts  were 
made  such  as  the  union  of  the  striped  bass  and  shad,  which  came 
about  by  accident,  utilized  by  intelligence.    A  ripe  female  striped 
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bass  or  rock  fish  Labrax  UnecUus  being  caught  in  the  nets  daring 
the  coarse  of  the  operations  of  the  shad  hatchery  on  the  Hadson 
River,  and  there  being  no  male  bass  to  be  obtained,  the  eggs  were 
taken  and  brought  into  contact  with  the  milt  of  the  male  shad, 
Alosa  aapidissima.  Then  these  eggs  were  placed  in  a  box  en- 
tirely by  themselves  and  every  preciiation  was  taken  to  make  the 
experiment  perfect.  The  eggs  hatched ;  of  that  there  is  no  ques- 
tion, but  whether  the  product  was  the  result  from  that  impregna- 
tion or  whether  it  was  reached  by  the  chance  contact  with  floating 
seminal  animalcules  from  bass,  or  whether  the  young  lived  after 
they  were  hatched,  may  be  regarded  as  still  open  for  consideration. 
As  there  was  no  possibility  of  keeping  the  fry  in  confinement  the 
experiment  goes  no  farther  than  opening  the  field  of  study  and 
research. 

Fish  do  not  attain  sexual  maturity  as  soon  as  is  generally  sup- 
posed, and  in  confinement  it  is  probable  that  this  period  is  even 
more  prolonged.  The  earliest  hybrids  to  mature  their  ova  were  the 
cross  between  the  male  California  salmon  and  the  female  brook 
trout.  This  took  place  in  the  year  1879.  They  not  only  became 
gravid  but  ascended  the  spawning  races  as  naturally  as  those  of 
either  distinct  species  and  evidently  with  the  intention  of  procre- 
ating. But  as  they  deposited  no  eggs  and  did  not  appear  to  mate, 
an  examination  of  them  was  made  and  it  was  ascertained  that  they 
were  all  of  one  sex,  the  entire  family  being  females.  To  remedy 
this  a  number  of  male  spawning  brook  trout  were  admitted  to  the 
same  race-way ;  these  promptly  paired  with  the  half-breed  lady  fish 
selecting  their  wives  as  readily  as  they  would  from  their  own  species, 
but  although  they  made  all  the  preliminary  preparations  no  results 
appeared  from  their  union.  The  nests  had  been  constructed  but 
no  eggs  had  been  deposited  in  them.  A  further  examination 
proved  that  the  eggs  were  too  large  to  pass  the  ovarian  opening. 
When  they  were  extruded  by  force  as  in  the  stripping  process  the 
shells  were  crushed  and  a  few  which  were  obtained  by  the  use  of  the 
knife,  a  sort  of  modified  Csesarean  operation,  and  were  brought 
into  contact  with  the  milt  of  the  trout,  failed  to  impregnate  and  per- 
ished. This  experiment  led  to  the  conclusion  that,  where  the  male 
was  much  the  larger  fish,  the  ova  might  be  too  large  for  extrusion 
and  also  that  possibly  under  certain  contingencies  all  of  one  hatch- 
ing might  be  of  a  single  sex.  In  all  subsequent  operations  however 
the  proportion  of  each  sex  has  been  about  equal.    Some  of  these 
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females  of  the  first  batch  of  hybrids  which  never  matured  eggs, 
although  they  had  not  the  honor  of  parentage,  are  still  living,  griz- 
zled and  gaunt  like  the  proverbial  old  maids  of  the  jocose  story- 
writers,  but  they  have  never  repeated  the  attempt  to  perpetuate 
their  species,  one  abortive  effort  in  that  direction  seeming  to  ex- 
haust their  aspirations  for  maternity. 

The  cross  of  the  male  brook  trout  and  the  female  salmon  trout, 
the  Salmo  fontinalis  with  the  Salmo  confinis^  matured  ova  in 
October,  1880.  There  were  about  72,000  eggs  cast  which  hatched 
as  readily  as  those  of  either  parent  altliough  it  was  found  that  a 
larger  percentage  of  them  could  be  impregnated  with  the  milt  of 
the  male  brook  trout  than  with  the  milt  of  their  own  kind.  The 
percentage  of  fertility  was  good  and  the  young  proved  to  be  per- 
fectly healthy  and  as  able  to  stand  the  struggle  for  existence  as 
any  of  their  brethren  of  pure  strain.  Upon  this  discovery  rested 
the  possibility  of  a  great  future  for  fish-culture.  There  were  quali- 
ties in  each  of  these  species  which  it  was  exceedingly  desirable  to 
combine.  The  Salmo  confinis  grow  to  a  far  greater  size  than  the 
Salmo  fontinalis ;  they  are  hardier,  easier  to  hatch  and  handle  and 
more  able  to  take  care  of  themselves,  while  the  brook  trout  are 
the  more  delicate  in  fiavor,  the  more  admirable  as  a  sporting  fish 
and  will  take  the  fiy  in  fiy-fishing,  which  is  the  crowning  virtue  in 
a  fish  from  the  angler's  point  of  view.  In  the  hope  of  reaching 
such  a  result  this  process  of  interbreeding  has  been  kept  up  regu- 
larly from  its  inception.  At  the  first  cross  one-half  of  the  salmon 
trout  was  eliminated,  their  young  impregnated  with  the  milt  of  the 
male  brook  trout  left  only  a  quarter  of  the  coarser  parent,  and  then 
came  those  which  were  seven-eighths  brook  trout  to  one-eighth  sal- 
mon trout  which  is  as  far  as  we  have  got  at  the  present  time.  The 
young  of  each  of  these  generations  show  the  effects  of  the  cross 
just  as  we  have  witnessed  the  occasional  bleaching  out  process  in 
this  country  between  the  children  of  Africa  and  those  of  colder 
climates.  The  first  in  descent  had  none  of  the  carmine  specks 
which  are  the  distinguishing  feature  of  the  **  speckled  trout "  of 
our  brooks.  In  the  second  generation  the  spots  began  to  appear,  and 
in  the  last  they  are  distinctly  visible  although  fewer  in  number  than 
in  the  trout  of  Sangre  Azul.  Of  their  habits  and  qualities  other 
than  their  growth  and  their  fiavor  on  the  table  we  have  had  as  yet  no 
opportunity  to  judge.  Those  of  the  first  cross  have  been  eaten  on 
several  occasions  by  epicurean  judges  and  were  pronounced  excel- 

A.  A.  A.  S.,  VOL.  xxxiii.         83 
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lent,  fully  up  to  the  reputation  of  either  of  the  parents.  In  the 
year  1683  there  were  disti*ibuted  to  the  brooks  of  the  state  45,300 
hybrid  fry  which  were  one-half  salmon  trout  and  one-half  brook 
trout,  and  in  1884  a  second  planting  of  79,000  three  quarter  brook 
trout  was  made.  Neither  of  these  has  been  in  the  streams  long 
enough  to  determine  how  they  will  act  nor  how  they  will  get  on 
when  left  to  shift  for  themselves.  They  may  go  back  like  the  fancy 
pigeons  to  their  original  breed  or  they  may  remain  permanent  or 
even  branch  out  into  inQnite  modifications.  The  fact  remains  that 
in  this  artificial  way  a  new  breed  has  been  established,  whether  it 
is  designated  as  a  new  species  or  not,  which  can  be  maintained  by 
manual  perpetuation  forever,  and  another  conclusion  is  proved  that 
hybridism  is  not  necessarily  another  word  for  sterility. 

That  the  young  will  spawn  naturally  is  probable  if  not  certain 
in  view  of  their  procreative  instincts  when  in  confinement  and 
that  they  will  live  and  grow  is  fully  ascertained.  They  are  in  no 
wise  like  the  monstrosities  with  two  heads  or  two  bodies  which 
occasionally  appo^r  and  that  die  as  soon  as  they  reach  the  feeding 
age  after  the  umbilical  sac  is  absorbed.  The  fir^t  which  were  de- 
posited in  wild  waters  were  found  in  six  months  to  have  attained 
A  growth  of  four  and  a  half  inches  in  length,  equal  to  the  growth 
4)1  a  brook  trout  in  the  same  water  for  an  entire  year.  These  oper- 
ations have  been  conducted  on  a  sufilciently  extensive  scale  to  jus- 
tify the  deduction  of  some  quite  positive  conclusions  and  have  been 
attempted  with  several  quite  incongruous  species.  The  first  cross  as 
we  have  seen  was  that  of  the  Salmo  quinnat  with  the  Salmo  fontU 
nalis;  the  second,  the  Salmo  forUinalis  and  the  Salmo  confinis^ 
then  the  salmon  trout,  Salmo  confinis^  was  bred  with  the  white  fish, 
tlie  Coregonus  albus,  the  brook  trout  with  the  fresh  water  herring, 
Salmo  clupeiformis,  the  brook  trout  and  the  California  trout,  SaJmo 
Mdetty  the  shad,  Alosa  sapidissima  with  the  striped  bass,  Labrax 
lineattis^  and  the  shad  with  the  salt  water  herring.  There  are  at 
present  at  the  New  York  hatchery  10,000  breeding  hybrid  fish  of  the 
various  modifications  and  during  the  year  1883-4  hundreds  of 
thousands  of  fry  were  hatched.  The  cross  of  the  shad  with  the 
salt  water  herring  appears  to  have  lived  as  the  fishermen  have  taken 
them  so  frequently  as  to  designate  them  as  '^Seth  Green's  shad," 
it  is  possible  however  that  they  are  all  males  as  those  which  have 
been  examined  seem  to  be  so.  While  mentioning  the  name  of 
the  putative  father  of  the  ^^  herring-shad,"  I  cannot  withhold  the 
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well  deserved  meed  of  praise  to  Mr.  Seth  Green  and  his  brother 
Monroe  A.  Green  for  the  intelligent  and  earnest  interest  tlie}*  have 
taken  in  these  experiments. 

In  these  operations  we  have  not  only  made  interesting  discov- 
eries which  promise  benefit  to  the  consumers  and  catchers  of  fish, 
but  we  have  reserved  for  the  world  of  science  that  I  have  seen  so 
fully  represented  at  this  meeting  of  the  Association,  a  pleasure 
which  of  all  others  they  most  enjoy,  the  opportunity  of  in- 
venting long,  learned  and  distinguishing  names  for  the  product  of 
our  efforts.  It  will  be  their  special  duty  to  tell  the  world  just  how 
the  mixed  up  babies  should  be  termed,  whether  the  young  of  the 
brook  trout  unto  the  third  and  the  fourth  generation  is  to  be  the 
ScUmo  conjinis  fontinalis  or  JSalmo  fontincdia  confinis  and  whether 
the  fontinodis  is  to  be  duplicated  like  treble  x  ale  in  the  succeeding 
generations,  and  how  they  will  distinguish  such  an  ^'odd  fish"  as 
that  of  the  intermingling  of  the  Alosa  sapidissima  one  of  the  MaU 
acopterygii  or  soft-finned  fishes  with  the  Labrax  lineatus^  a  prom- 
inent member  of  the  Acanthoptei'ygii  or  spine-finned  fishes.  As 
the  trout  has  married  the  salmon  and  the  shad  has  united  its  fate 
with  the  herring  and  the  white-fish  has  taken  in  unholy,  because 
artificial,  wedlock  the  brook  trout,  it  would  seem  to  be  impossible 
to  determine  where  the  limits  of  hybridism  in  fish  culture  may 
yet  be  found. 


The  comparative  longevity  of  the  sexes.     By  Mrs.  A.  B. 
Blackwell,  Elizabeth,  New  Jersey. 

[ABSTRACT.] 

This  paper  presents  a  new  grouping  of  statistics  condensed  from 
some  of  the  earlier  as  well  as  more  recent  census  returns  of  our 
own  and  other  countries. 

The  following  conclusions  are  reached  : — 

1.  All  ages  included,  the  sexes  are  normally  about  equal  in  num- 
bers. The  old  countries  have  an  excess  of  women,  the  new  of 
men.  Statistics  of  emigration  for  a  term  of  years,  added  to  the 
population  of  the  country  emigrated  from,  or  subtracted  from  that 
emigrated  to,  confirm  this  law.  So  do  all  fair  aggregates  giving  a 
due  proportion  of  older  and  newer  states.  The  larger  the  aggre- 
gates, the  more  marked  becomes  the  approximate  equality. 
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2.  The  sexes  are  not  equal  in  numbers  at  the  same  ages  respec- 
tively ;  except  during  a  probably  more  or  less  variable  period  tow* 
ards  middle  life.  At  all  the  early  ages,  males  are  habitually  in 
excess.  At  all  the  late  ages  females  are  habitually  in  excess,  and 
the  larger  the  aggregate  at  the  same  ages,  the  greater  is  the  numer- 
ical inequality. 

3.  The  present  state  of  statistical  science  does  not  enable  us  to 
determine  very  accurately  at  what  age  the  sexes  are  equal  numeri- 
cally. The  period  lies  somewhere  in  early  middle  life,  certainly 
between  fifteen  and  thirty-five,  but  any  estimate  must  discount  an 
obviously  unusual  imperfection  of  the  records  at  about  those  ages. 
Probably  also  the  period  itself  varies  with  varying  conditions  and 
can  be  only  a  movable  average. 

4.  The  younger  the  age  compared,  the  larger  is  the  relative  pro- 
portion of  males.  More  boys  are  born,  but  the  excess  diminishes 
from  birth  onwards  in  something  like  a  regular  gradation  until 
the  sexes  reach  numerical  equality  ;  then  an  excess  on  the  female 
side  increases  progressively,  though  much  more  rapidly  in  propor- 
tion to  the  numbers  compared,  to  the  end  of  life.  Life  has  a  longer 
average  to  the  female  than  to  the  male.  Records  of  births  and  of 
deaths  confirm  the  direct  count  of  numbers  in  all  these  particulars. 

5.. The  relative  proportion  of  boys  and  girls  is  approximately 
the  same  in  all  countries.  A  large  total  excess  either  of  males  or 
of  females  has  very  little  effect  on  these  ratios.  The  ratio  of  adult 
males  and  females,  at  specified  ages,  is  directly  affected  by  the  rela- 
tive proportions  of  the  sexes  in  the  total  population. 

6.  The  Mortality  Tables  indicate  that  girls,  like  boys,  bear  he- 
reditary taints  and  die  in  consequence  at  any  period  of  life ;  and 
yet  that  at  every  period  of  life  the  girl  has  the  slightly  better 
chance  of  survival. 

7.  There  are  exclusive  feminine  ailments  which  cause  death  by 
the  thousands  in  every  large  community  and  also  in  most  countries 
women  are  more  subject  to  all  that  class  of  diseases  which,  like 
consumption,  arise  oftener  from  impure  air  than  from  great  expo- 
sure. This  extra  fatality  to  women,  occurring  more  generally  in 
middle  life,  is  largely  an  ofiset  to  extra  male  risks  incident  to  busi- 
ness enterprises,  wars,  and  hazards  in  general,  incurred  at  about 
corresponding  ages.  Hence,  distinctively  during  a  considerable 
period  of  middle  life  there  is  approximate  equality  of  numbers  be- 
tween the  sexes  in  death  rates  as  also  in  life  ratios. 

8.  The  general  facts  above  stated  have  long  been  known.   £very 
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census  teems  with  them.  Life  Insurance  and  Annuity  Tables  have 
discounted  them ;  and  yet  their  mutual  relation  and  cumulative 
significance  seem  to  have  escaped  attention.  They  have  been 
treated  as  results  probably  incidental  and  temporary,  arising  from 
unknown  complex,  probably  highly  variable  causes.  But  the  ap- 
proximate uniformity  of  returns  gathered  from  most  widely  various 
peoples,  half  savage  and  civilized,  during  a  long  term  of  years, 
points  us  to  constitutional  causes  beyond  the  control  of  ordinary 
contingencies.  Nature's  constant  method  of  maintaining  a  com- 
plicated numerical  balance  is  Nature  working  in  accordance  with 
established  law. 

There  are  two  possible  explanations  of  the  fact : — 

1 .  The  hereditary  results  of  male  hardships,  hazards  or  excesses, 
transmitted  to  the  same  sex  only,  have  been  so  great  that  the  aver- 
age of  life  to  that  sex  has  become  grievously  shortened  thereby. 

2.  The  feminine  constitution,  being,  much  beyond  the  male  con- 
stitution, differentiated  in  the  two  classes  of  organic  functions 
distinguished  as  individual  and  reproductive,  together  with  the 
earlier  limitation  of  the  latter,  the  female  gains  thereby  a  greater 
reversionary  source  of  energy  towards  the  close  of  life ;  as  also  a 
larger  available  reserve  force,  which,  in  case  of  disease,  may  be 
called  into  vicarious  action  at  all  ages.  The  increased  longevity 
thus  resulting,  though  primarily  affecting  females  only,  if  inherited 
by  both  sexes,  would  tend  to  the  extension  of  the  average  life  of 
the  race.  It  would  work  very  much  as  the  increase  of  size  and 
strength  is  supposed  to  have  arisen  through  the  male  line  of  de- 
scent. 

But  let  the  explanation  be  what  it  may,  the  tables  exhibited  will 
verify  the  alleged  facts.  [Copies  of  these  tables  can  be  had  by 
addressing  the  author.] 


Researches  ok  growth  and  death.     By  Dr.  Charles  Sedgwick 
MiNOT,  Harvard  Medical  School,  Boston,  Mass. 

[ABSTRACT.] 

The  following  investigations  have  for  their  purpose,to  contribute 
to  the  solution  of  the  problem  of  the  effects  of  age  upon  organisms, 
and  the  manner  in  which  age  causes  death.     I  deal  first  with  the 
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problem  of  growth,  the  most  obvious  of  the  effects  of  age,  and  pre- 
sent the  results  of  my  experiments  covering  over  three  years  and 
including  nearly  10,000  measurements  of  the  weights  of  growing  ani* 
mals,  chiefly  Guinea  pigs.  These  statistics  enable  us  to  gain  a  new 
insight  into  the  matter  because  they  cover  the  whole  period  from 
birth  to  maturity,  thus  enabling  us  to  calculate  the  rate  of  growth  for 
the  entire  post-foetal  interval.  Hitherto  the  actual  increments 
of  growth  have  been  compared  directly  with  one  another,  but  if 
we  adopt  a  new  and  correct  method  of  comparison,  we  reach  a 
conclusion  of,  I  believe,  great  importance,  viz. : — that  the  rate  of 
growth  steadily  diminishes  f^om  birth  onward,  so  that  the  loss  of 
power  begins  at  once  and  continues  until  it  culminates  in  death. 
The  new  method  consists  in  calculating  the  averf^e  daily  increment 
during  a  given  interval,  in  the  per  cent  of  the  weight  at  the  begin* 
ning  of  that  interval .  The  series  of  percentages  thus  obtained  may 
be  legitimately  compared  virith  one  another  and  yield  the  result 
above  given.  Another  manner  of  demonstrating  the  same  rela- 
tion of  potential  power  at  different  ages,  is  to  calculate  by  inter- 
polation, the  length  of  time  necessary  to  add  ten  per  cent  to  the 
weight.  It  is  found  that  the  older  the  animal  is,  the  longer  it  re- 
quires to  increase  ten  per  cent. 

My  measurements  by  various  methods  of  grouping,  throw  much 
light  on  the  loss  of  weight  in  some  animals  immediately  after 
birth,  on  the  relative  growth  of  males  and  females,  the  effect  of  re- 
production on  growth  (which  are  the  reverse  of  what  Herbert 
Spencer  has  asserted),  the  dependence  of  the  size,  number,  sex  and 
weight  of  the  young  upon  the  age  of  the  mother,  season  of  the 
year,  the  determining  causes  of  sex,  etc.  These  subjects  will  all 
be  treated  statistically. 

I  wish  to  discuss  particularly  the  bearing  of  the  results  obtained 
on  the  general  theory  of  senescence,  and  to  criticise  from  the  new 
standpoint  the  views  on  death  recently  emitted  by  Weissmann, 
Goette,  Butschli,  et  al.  In  this  connection  it  will  be  necessary 
to  attack  the  current  conceptions  of  animal  individuality.  In  the 
course  of  this  discussion  I  shall  show  that  the  results  obtained  in 
regard  to  the  growth  and  other  phases  of  development  of  man 
agree  closely  with  the  deductions  from  my  own  experiments. 

In  conclusion  I  wish  to  refer  briefly  to  the  bearing  of  our  present 
knowledge  of  senescence  upon  the  theory  of  life  and  the  relation 
of  life  to  a  material  substratum. 
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Biological  problems.    By  Dr.  Charles  Sedgwick  M1N07,  Har- 
vard Medical  School,  Boston,  Mass. 

[AB8TRA0T.] 
It  is  wished  to  present  certain  considerations  in  regard  to  some 
general  problems,  which  although  they  hardly  cohere  natm*ally,  yet 
may  be  conveniently  considered  at  once. 

1 .  Linncean  System  of  Nomenclature.  The  question  is — whether 
it  is  desirable  to  return  in  some  form  to  the  use  of  the  Lin- 
nsean  system,  which  gradually  has  been  replaced  by  an  entirely 
new  binomial  system.  We  have  retained  the  form,  while  we  have 
rejected  the  principle  of  nomenclature  introduced  by  Linnseus,  who 
used  the  generic  name  in  a  wide  sense  to  indicate  the  kind.  The 
whole  number  of  generic  names  was  small  and  easily  acquired,  so 
that  the  combination  of  the  two  names  gave  a  general  and  a  special 
designation.  At  present  genera  are  also  special  groups  and  ap- 
proximate to  a  single  species  so  far  has  the  subdivision  gone.  It 
results  that  the  name  we  call  generic  is  no  longer  generic  in  value. 
Of  the  two  extremes  the  Linnaean  is,  I  believe,  preferable.  I  ex- 
pect to  see  a  large  number  of  genera  set  aside  hereafter. 

2.  Scientific  determination  of  species.  The  present  method  of 
determining  the  type  of  a  species  is  thoroughly  unscientific,  be- 
cause it  is  based  upon  the  history  of  scientific  literature,  and  not 
upon  observation  of  nature.  I  believe  that  species  will  have  to  be 
all  redetermined  and  the  true  or  actual  natural  type  settled  by  a 
statistical  study  of  the  variations  of  each  species.  It  is  well  known 
that  varieties  occur  in  the  greatest  number  about  the  mean,  and  the 
greater  the  departure  of  any  variety  from  the  mean  the  more  rarely 
it  occurs.  It  is  evident  therefore  that  the  central  type  of  any 
given  set  of  varieties,  t.  e,  of  a  species,  is  that  variety  which  occurs 
most  frequently — hence  the  type  must  be  determined  statistically, 
Q.  E.  D. 

3.  Individuality.  Much  confusion  exists  on  the  subject  of  in- 
dividuality, which  is  tacitly  assumed  to  be  a  quality  of  a  specific 
nature,  or  in  other  words  that  all  individuals  have  as  such,  a  prop- 
erty in  common.  It  is  evident  that  this  results  from  a  deficiency 
of  clearness  in  thought,  and  that  individuals  are  not  homologous  al- 
ways,— any  more  than  wings  are.  The  only  two  fixed  units  are  first, 
cells,  second  the  whole  series  of  generations  of  cells  from  a  single 
ovum,  a  cell-cycle.     An  individual  may  be  almost  any  fractional 
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part  of  a  cell-cycle  ;  roughly  speaking  the  higher  the  organism  the 
fewer  the  number  of  individuals  it  comprises,  or  in  other  words  the 
larger  the  number  of  cells  in  each  individual.  It  would  not  be 
necessary  to  refer  at  all  to  the  nature  of  individuality  were  it 
not  for  the  frequency  of  misconceptions  of  the  subject  shown  in 
the  writings  of  the  majority  of  writers  who  touch  upon  it. 

4.  Homologies  of  the  ovum,  I  have  been  led  to  the  hypothesis 
that  the  ovum  is  homologous  with  an  encysted  protozoon,  the  zona 
radiata  or  pellucida  being  the  equivalent  of  the  capsule  or  cyst  of 
the  protozoon,  and  the  contents  also  homologous.  I  propose  to 
state  briefly  the  reasons  which  support  this  hypothesis. 


Yesiculje  seminales  of  the  guinea-pig.    By  Dr.  Charles  Sedg- 
wick MiNOT,  Harvard  Medical  School,  Boston,  Mass. 

[ABSTRACT.] 

The  Vesiculce  seminales  of  the  guinea-pig  are  two  long,  tapering 
caeca  suspended  by  a  mesentery  from  the  abdominal  wall.  They 
contain  no  spermatozoa,  but  only  a  whitish,  sticky,  granular 
secretion.  The  inner  surface  is  lined  by  a  simple,  cylinder  epi- 
thelium thrown  up  into  irregular  folds,  a  most  unusual  aiTange- 
ment  among  vertebrates,  for  the  folds  are  formed  by  the  epithelium 
with  only  an  extremely  thin  supporting  lamina  of  connective  tis- 
sue. There  is  a  thin  mucosa,  and  a  well  developed  external 
muscular  coat  of  circular  fibres.  From  the  structure  of  the 
vesiculse,  it  is  probable  that  they  are  morphologically  diverticula 
of  the  VOLS  deferensy  but  not  of  the  ductus  ejaculatorius. 


On  the  skin  of  insects.    By  Dr.   Charles    Sedgwick  Minot, 
Harvard  Medical  School,  Boston,  Mass. 

[ABSTRACT.] 

The  skin  of  insects  consists  of  a  cuticula,  a  layer  of  epithelium 
and  an  underlying  sheet  of  connective  tissue.    The  epithelium  is 
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homologous  with  the  epidermis  of  other  animals  and  ought  to  be 
so  called  instead  of  hypodermis,  the  usual  entomological  term. 
The  usual  application  of  "  epidermis"  to  designate  the  cuticula  or 
external  crust  is  entirely  unjustifiable.  The  term  dermis  ought  to 
be  applied  to  the  connective  tissue,  as  it  is  homologous  with  the 
dermis  of  vertebrates. 

The  cuticula  in  caterpillars  has  interesting  features,  not  yet  de- 
scribed. Two  very  distinct  strata  are  distinguishable  :  a  thick  one 
constituting  nearly  the  whole  thickness  of  the  cuticula,  and  an 
exceedingly  thin,  superficial  one,  which  alone  is  pigmented  and  or- 
namented. The  pigment  is  distributed  in  beautiful  microscopic 
patterns,  which  are  characteristic  for  each  of  the  twenty  species 
investigated.  (The  author  will  exhibit  preparations  to  show  these 
markings,  and  will  describe  them.) 


The  dynamics  op  the  insect-crust.  By  Prof.  George  Macloskie, 
College  of  New  Jersey,  Princeton,  N.  J. 

[ABSTRACT.] 

General  description  of  the  chitinous  skeleton  and  its  various 
outgrowths  and  ingrowths,  its  thickenings  and  sculpturing. 

Comparison  of  the  tracheae  and  salivary-ducts.  Structure  of 
trachese,  as  having  spiral  crenulations,  hitherto  misunderstood  and 
supposed  to  be  threads. 

Action  of  tracheae,  for  transmitting  gases  directly  to  the  tissues 
(and  not  by  the  intervention  of  blood). 

The  trachese  are  not  directly  controlled  by  muscles;  their 
action  depends  on  the  successive  production  of  a  partial  vacuum 
and  condensation  of  air  around  them  ;  this  depending  on  the  pul- 
sation of  the  abdominal  walls  of  the  insect ;  these  walls  richly 
supplied  with  muscles. 

Similarly  the  extension  and  retraction  of  wings,  proboscis  and 
other  organs,  are,  in  the  first  instance,  exclusively  mechanical, 
and  only  in  a  remote  or  subsidiary  way  muscular. 
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On  the  nervous  system  op  Comatula,  with  observations  on 
the  mutual  affinities  of  the  recent  groups  of  echino- 
derms.  By  A.  Milnes  Marshall,  Professor  of  Zoology  in 
Owens  College,  Manchester,  England. 

[ABSTRACT.] 

Obseryations  made  this  year  at  the  Naples  Zoological  Station 
on  living  ComatulsB  show  that  the  main  nervous  system  —  both 
motor  and  sensory  —  of  Comatula  consists  of  the  central  capsule 
and  axial  cords  embedded  in  the  calcareous  skeleton  and  that  the 
ambulacral  or  subepithelial  nervous  system  is  of  very  subordinate 
importance. 

Iq  Asterids  the  nervous  system  is  really  in  the  form  of  a  con- 
tinuous shreath  investing  the  whole  body  and  continuous  with  the 
epidermis.  From  this  primitive  condition  the  nervous  systems  of 
other  Echinoderms  can  be  derived  and  important  conclusions  de- 
duced concerning  the  relations  of  Crinoids  to  other  Echinoderms* 


Observations  upon  the  amphibian  brain,  containing  results 

OP  MICROSCOPIO  STIJDT  UPON  THE  FROO,  MeNOBRANCHUS,  MeN- 

OPOMA  AND  Amphiuma.    By  Prof.  Henrt  F.  Osborn,  College 
of  New  Jersey,  Princeton,  N.  J. 

These  observations  have  been  carried  on  by  the  study  of  micro- 
scopic sections.  These  sections  were  cut  in  three  planes,  lon- 
gitudinal vertical,  longitudinal  horizontal  and  transverse.  The 
peculiarity  of  my  method  lies  in  the  preservation  of  absolutely 
continuous  series,  in  each  plane,  thus  affording  unusually  reliable 
material  for  study.  The  brains  are  stained  as  a  whole  in  carmine 
and  imbedded  for  cutting  in  an  egg  mass,  which  is  hardened  in  the 
vapor  of  alcohol. 

The  brains,  thus  studied,  are  those  of  JSana,  MenobranckuSj 
Menopoma  and  Amphiuma. 

The  paper  is  illustrated  by  a  series  of  colored  diagrams,  and 
presents  especially  the  following  results : 

(1)  A  description  of  the  principal  nerve  fibre  courses  of  the 
amphibian  brain,  from   the  medulla  oblongata  forwards  to  the 
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hemispheres,  showing  the  course  taken  by  the  transverse  commis* 
Bures ;  pointing  oat  a  commissure  in  the  roof  of  the  third  ventri- 
cle, hitherto  overlooked,  thus  demonstrating  that  each  brain 
segment  has  its  own  dorsal  commissure.  Under  this  head,  is  treated 
the  cerebellum  of  the  Urodcla,  showing  how  it  differs  from  that  of 
the  Anoura,  and  possesses  elements  corresponding  to  the  inferior 
and  superior  cerebellar  peduncles  of  the  mammalian  brain. 

(2)  It  is  a  matter  of  considerable  doubt  whether  the  pia-mater 
envelopes  the  pituitary  body.  At  least  the  pia  blood  vessels  are 
all  sent  in  upon  the  anterior  or  brain  face  of  the  pituitary  body. 

(8)  I  endeavor  to  show  that  by  all  authorities,  except  Mihalko- 
vies  and  Goette,  the  pineal  gland  has  been  erroneously  described ; 
that  the  plexus  choroideus  medius  has  been  mistaken  for  the 
pineal  gland.  That  the  real  pineal  elements  consist  of  certain  very 
inconspicuous  foldings  of  the  epithelium  of  the  roof  of  the  3rd  ven- 
tricle, which  have  been  generally  overlooked.  That  these  foldings 
represent  what  remains  of  the  stalk  of  the  pineal  gland,  and  that 
this  interpretation  is  sustained  by  the  relations  of  these  foldings 
to  the  posterior  commissure  and  the  newly  described  superior  com- 
missure. 


Do  THE  CEREBELLUaC  AND  THE  OBLONGATA  REPRESENT  TWO  EN- 
CEPHALIC SEGMENTS  OR  ONLY  ONE  ?  By  Prof.  BURT  G.  WIL- 
DER, Cornell  University,  Ithaca,  N.  Y. 

[AB8TBACT.] 

Since  the  publication  of  Von  Baer's  ^'Entwickelungsgeschichte*' 
in  1837,  the  segmental  constitution  of  the  brain  has  been  more  or 
less  distinctly  admitted  by  most  writers  who  have  treated  the  organ 
in  the  light  of  embryology  and  comparative  anatomy. 

Under  various  technical  and  vernacular  designations,  the  fol- 
lowing have  recognized  two  segments  between  the  myeU  and  the 

>  In  the  paper  as  presented  the  common  forms  myelon  and  encephdlon  were  nsed.  In 
correcting  the  proof  I  have  substituted  for  them  the  English  paronyms,  in  accordance 
with  considerations  presented  in  New  York  Medical  Journal,  Maixh  28, 1886,  and  in  the 
presidential  address,  **  Pnrony my  versus  Heteronymj,"  before  the  4-iiiCf i^an  Neurolog- 
ical Association,  June  18, 1885. 
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mesencephal  (optic  lobes,  etc.)  :  Harrison  Allen,  Gegenbaiir, 
Hiixley,  Kolliker,  Lankester,  Meynert,  Mibalkovics,  the  editors  of 
Quain's  Anatomy  (eighth  and  ninth  editions),  Reichert,  Schwalbe, 
Wiedersheim  and  the  present  writer. 

Omitting  lesser  parts,  the  cephalad  of  these  two  segments  is 
held  to  inclade  the  cerebellum,  together  with  the  portion  of  the 
"  brain  stem,"  immediately  connected  therewith,  and  the  latter, 
the  part  commonly  called  "  medulla  oblongata.**  By  Von  Baer 
and  most  other  German  writers  the  former  is  teimed  Jiinterhimy 
and  the  latter  nachhim.  I  have  adopted  the  Latin  terms  employed 
in  Quain*s  anatomy,  viz.,  epencephal  and  metencepTial^  abbreviated 
to  epen.  and  meten.  So  far  as  I  know,  the  only  original  investi- 
gators of  the  subject  who  have  admitted  but  a  single  segment 
caudad  of  the  mesen.,  are  Balfour,  Milnes  Marshall,  Owen  and 
Spitzka,  and  the  last  named  alone  has  discussed  the  question  at 
any  length. 

That  the  entire  region  caudad  of  the  mesen.  should  be  I'egarded 
as  a  single  segment,  of  which  the  cerebellum  is  "merely  a  dorsal  hy- 
pertrophy **  has  been  urged  by  Spitzka  in  1878  ("  Jour,  of  Nei-v. 
and  Mental  Disease'*)  in  1881,  ("  Science,"  April  9),  and  in  a  re- 
cent communication  to  "  The  New  York  Medical  Record,"  July 
26,  1884. 

Before  discussing  the  main  question,  I  desire  to  correct  a  mis- 
apprehension into  which  Spitzka  seems  to  have  fallen  respecting 
m}'  own  opinions.  He  implies,  first,  that  I  am  committed  to 
the  view  commonly  entertained,  and,  second,  that  I  regard  the 
pons  as  determining  the  cephalocaudal  extent  of  the  epencephal. 

On  the  contrary,  as  stated  in  "The  Medical  Record,"  Aug.  9, 
1884, 1  have  repeatedly  expressed  my  sense  of  the  difficulty  of  de- 
termining the  precise  number  and  limits  of  the  encephalic  segments, 
and  admitted  the  force  of  Spitzka's  own  view.  As  to  the  pons, 
when  present  it  strengthens  the  floor  of  the  segment,  and  serves  as  a 
landmark  of  that  region ;  but  it  by  no  means  follows,  and  has 
never  been  implied  by  me,  that  either  of  its  margins,  especially  in 
man,  indicates  the  limits  of  the  epencephalic  segment,  although 
in  the  cat  and  other  mammalia  with  moderately  developed 
cerebellums,  one  or  both  of  its  margins  may  closely  correspond 
therewith. 

In  his  able  presentation  of  objections  to  the  bisegmental  con- 
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stitution  of  the  region  in  question,  Spitzka  overlooks  wliat  appear 
to  me  to  be  weighty  arguments  in  favor  of  the  prevalent  view,  viz. ; 

(1)  The  existence,  in  the  embryo,  of  a  constriction  of  the 
''  primary  hind-brain  "  by  which  the  ^^  secondary  hind-brain  "  is 
distinguishable  from  the  ^^after-brain." 

(2)  The  demarcation,  at  least  in  man,  of  the  cephalad  (epenceph- 
alic)  portion  of  the  '*  fourth  ventricle,"  from  the  caudad  (meten- 
cephalic)  portion,  by  the  transverse  fasciculi  called  strice  axiusticce, 

(3)  Tue  presence,  in  several  Teleosts  and  Elasmobranchiates,  of 
dorso-lateral,  metencephalic  masses,  united  by  a  thinner  (commis- 
sural ?)  portion,  and  connected  with  the  cerebellum  only  through  a 
thin  or  membranous  lamina  comparable  with  the  vcUvula  between 
the  cerebellum  and  the  optic  lobes.  In  the  Torpedo  (as  seen  in 
the  preparation  and  photograph  exhibited)  each  of  these  meten- 
cephalic masses  exceeds  in  size  the  dorsal  portions  of  ail  of  the 
other  segments  together. 

(4)  in  addition  to  these  direct  arguments,  is  the  indirect  one  that 
most  of  the  objections  to  the  a'ecognition  of  a  cerebellar  segment 
apply  with  equal  force  to  the  universally  accepted  mesen.,aud  with 
even  greater  force  to  the  oblongata  (and  thus  to  the  brain  as  a 
whole)  in  relation  to  the  my  el.  In  other  words,  the  meten.  is 
more  sharply  defined  from  the  epen.  than  it — and  thus  the  entire 
brain — is  from  the  myel. 

(5)  Finally,  so  far  from  the  metepencephalic  region  embracing 
but  a  single  segment,  even  if  we  hesitate  to  adopt  Cleveuger's 
idea  that  the  cerebellum  represents  a  series  of  coalesced  intervert- 
ebral ganglia,  we  cannot  ignore  the  suggestion  of  Balfour,  based 
upon  the  observations  of  Gegenbaur,  Marshall  and  himself,  that 
several  segments,  each  coordinate  with  the  mesen.,  are  represented 
in  the  region  between  it  and  the  myel. 

In  view  of  all  these;  considerations,  it  seems  to  me,  first,  that 
further  investigations  in  embryology  and  comparative  anatomy  are 
needed  to  place  upon  a  satisfactory  basis  any  segmental  formula 
of  the  brain ;  and,  second,  that  the  objections  advanced  by  ISpitzka 
should  not  prevent  our  entertaining  and  employing,  as  a  conven- 
ient ^'  working  hypothesis"  the  interpretation  made  by  Von  Baer, 
and  accepted  by  the  majority  of  later  authorities  upon  the  subject. 
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Thb  existence  and  dorsal  circumscription  of  the  porta 
(foramen  of  Monro)  in  the  adult  human  brain.  By 
Prof.  Burt  G.  Wilder,  Cornell  University^,  Ithaca,  N.  Y. 

[ABSTRACT]. 

In  a  paper,  ^^  On  the  foramina  of  Monro  in  man  and  the  domes- 
tic cat,"  presented  to  the  Association  at  the  Boston  meeting  in 
1880,  it  was  stated  (1)  that  no  recent  writer  had  denied  the  ex- 
istence of  a  communication  between  each  procoele  (lateral  ven- 
tricle) and  the  aula  (cephalad  part  of  the  *'  third  ventricle"  )  ;  (2) 
that  I  had  not  yet  had  the  opportunity  of  examining  the  parts  upon 
a  properly  prepared  human  brain,  but  the  imperfect  materials  at 
my  disposal  indicated  that  the  relations  are  essentially  the  same 
as  in  the  cat. 

Since  then,  however  (1)  I  find  that,  at  the  "  Society  de  Biol- 
ogic," May  14  and  June  21,  1879,  Prof.  Mathias  Duval  declared 
that  *'  when  one  finds  a  communication  between  the  middle  and 
lateral  ventricles  in  an  adult  human  brain,  it  results  from  an 
artificial  perforation ;"  (2)  I  have  been  able  to  determine  the  ex- 
istence and  dorsal  boundary  of  the  porta  in  all  the  human  brains 
examined  for  the  purpose,  including  several  adult  as  well  as  fetal 
and  young.  Some  of  these,  like  the  specimen  exhibited,  were 
prepared  by  the  process  of  continuous,  coelian  alinjcction  (alcoholic 
injection)  described  by  me  at  the  last  meeting  of  *'  The  Society  of 
Naturalists  of  the  Eastern  United  States,"  and  in  "The  New  York 
Medical  Journal,"  March  1,  1884.  The  photographs  (taken  by 
Prof.  S.  H.  Gage)  here  shown  are  believed  to  be  the  first  ever 
made  of  **  the  foramen  of  Monro  ;"  in  the  enlarged  one  the  orifice 
is  seen  to  be  bounded  caudad  by  the  thalamus,  cephalad  by  the 
fornicolumn,  ventrad  by  th^  continuity  of  the  two,  and  dorsad 
by  the  endyma  reflected  from  the  parts  named  upon  the  intruded 
portiplexus. 

As  has  been  repeatedly  stated  by  me,  this  demonstration  of  the 
dorsal  limit  of  the  porta  is  equally  a  demonstration  of  the  ventral 
limit  of  the  rima  ("  great  transverse  fissure ")  with  which  the 
porta  is  usually,  but  erroneously,  made  continuous  in  both  figures 
and  descriptions.^ 

^  Since  this  paper  waa  presented,  I  have  been  enabled  to  see  the  same  points  to  even 
better  advantage  npon  an  allnjected  hydranccphal  (hydroce])halous  brain),  shown  at 
the  meeting  of  the  Am.  Neurological  Assoc,  June  18, 1885. 
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The  relative  position  of  the  cerebrum  and  the  cerebellum 
IN  anthropoid  apes.  By  Prof.  Burt  G.  Wilder,  Cornell 
University,  Ithaca,  N.  Y. 

[AB8TRACT.1 

So  far  as  I  am  aware,  the  discussion  as  to  whether  or  not  the 
cerebellum  of  the  anthropoid  apes  is  completely  covered  by  the 
cerebrum  has  not  been  based  upon  the  examination  of  a  brain 
hardened  within  the  cranium,  or  upon  photographs  taken  before 
its  removal.  Through  the  courtesy  of  Prof.  H.  C.  Chapman, 
M.  D.,  one  of  the  directors  of  the  Philadelphia  Zoological  Gar- 
dens, and  of  Mr.  Arthur  £.  Brown,  superintendent  of  the  same, 
the  opportunity  was  afforded  me,  last  October,  of  so  treating  the 
brain  of  a  young  female  chimpanzee,  supposed  by  Mr.  Brown  to 
be  about  four  years  old ;  the  day  after  its  death  it  weighed  6.7 
kilograms. 

For  ten  days,  at  a  temperature  ranging  from  four  to  fifteen 
degrees  centigrade,  the  entire  animal  was  subjected  to  the  process 
of  contiiiuoiLs  arterial  alinjection  (alcoholic  injection)  described 
by  me  at  the  last  meeting  of  the  Society  of  Naturalists  of  the 
Eastern  United  States,  and  in  *'  The  New  York  Medical  Journal," 
for  Feb.  23,  1884,  and  elsewhere.  On  the  second  day,  less  than 
half  of  the  calvarium  was  removed,  and  photographs  taken  of  the 
dura-covered  brain  ;  later,  after  the  removal  of  the  dura,  and  then 
of  the  other  part  of  the  calvarium,  and  of  the  brain  itself,  photo- 
graphs were  taken  from  several  points  of  view. 

As  shown  by  these  photographs  and  by  the  left  half  of  the 
brain,  here  exhibited,  when  the  specimen  is  held  so  that  the  ven- 
tral outline  of  the  orbital  lobe  is  horizontal,  the  most  prominent 
portion  of  the  cerebellum  is  overlapped  at  least  1  mm.  by  the  ex- 
tremity of  the  occipital  lobes  of  the  cerebrum. 

Admitting  the  possibility,  suggested  by  Chapman,  of  individual ; 
age  and  specific  variations,  it  is  probable  that,  in  some  cases,  as 
suggested  by  Spitzka,  the  conclusion  that  the   anthropoid  cere- 
bellum is  not  overlapped  by  the  cerebrum  has  been  due  to  the  dis-  y 
tortion  of  the  brain  during  or  after  its  removal. 

In  addition  to  these  considerations,  it  is  evident  that  the  relative 
positions  of  the  parts  will  depend  upon  the  way  the  brain  is  held. 
Until  evidence  is  given  to  the  contrary,  I  assume  that  the  brain 
should  be  held  as  if  the  animal  were  looking  horizontally. 
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Some  questions  in  anatomical  nomenclatdrb.    By  Prof.  Burt 
G.  Wilder,  Cornell  Universit}',  Ithaca,  N.  Y. 

[ABSTRACT.] 

Since  1870,  in  varioas  publications,  I  have  urged  upon  anato- 
mists certain  modifications  of  the  existing  terminology  of  de- 
scription and  designation.  Even  by  those  who  have  not  accepted 
my  specific  recommendations,  it  is  quite  generally  admitted  that 
some  change  is  needed,  I  now  ask  for  the  appointment  of  a 
^'  Committee  on  Anatomical  Nomenclature,"  by  Section  F,  to 
report  at  the  next  meeting  upon  the  general  subject,  especially 
with  respect  to  the  brain  ;  this  committee  to  invite  the  cooperation 
of  anatomists  of  other  nationalities,  and  to  confer  respecting 
encephalic  nomenclature  with  the  Committee  on  that  subject  ap- 
pointed at  its  last  meeting  by  the  American  Neurological  Associa- 
tion. 

The  following  are  examples  of  the  more  general  and  special 
questions  to  be  considered  by  such  committee : 

1.  Is  it  desirable  to  employ  the  words  toponymy  and  organony 
my^  respectively,  for  the  subjects  of  descriptive  and  designa- 
tory  terms? 

2.  Is  it  practicable,  at  present,  to  harmonize  the  toponymic 
terminology  of  vertebrates  with  that  of  any  invertebrates? 

3.  Should  we  not  agree  upon  a  certain  normal  position  of  the 
vertebrate  bod}^  including  the  limbs,  and  endeavor  to  use  topo- 
nymic terms  applicable  equally  to  all? 

4.  Should  not,  x>ostaxialy  epaxial^  etc.,  as  applied  to  the  limbs, 
be  replaced  by  terms  referring  to  the  regions  of  the  entire  body. 

5.  Shall  the  median  plane  or  line  be  designated  by  those  or 
other  phrases,  by  Barclay's  mesium,  or  my  meson  (to  fii<;ov^  the 
middle),  with  the  derivatives  mesaly  mesad  and  mesof 

6.  In  designating  relative  position  along  the  longitudinal  axis 
of  the  body,  since  oral^  cephalic  and  caudal  are  commonly  em- 
ployed in  an  absolute  sense,  shall  we  follow  the  analogy  of  north' 
ward  and  use  the  adverbial  adjectives  oracf,  cephalad  and  caudad; 
or  new  terms  like  prorsal  and  retral;  or  the  familiar  words  anterior 
and  po^^eno?*,  with  the  understanding  that  they  are  never  to  be 
used  in  the  anthropotomic  sense  of  ventral  and  dorsal  f 

7.  Should  not  organonymic  terms  (terms  of  designation)  be, 
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as  far  as  practicable,  brief;  capable  of  inflection;  classic  in  deri- 
vcUion  and  form  ;^   already  used  in  a  kindred  sense? 

8.  Since  the  length  of  a  term  may  depend  upon  not  only  the 
namber  of  syllables  and  letters,  but  also  upon  the  number  of  sep- 
arate words,  and  since,  properly,  only  single  words  are  capable  of 
inflection,  is  there  not  a  twofold  reason  why  the  names  of  parts, 
with  certain  self-evident  exceptions  (nerves,  etc.)  should  be  mo- 
nonymic  9 

9.  Is  there  much  real  analogy  between  the  nomenclature  of 
anatomy  and  that  of  zoology  and  botany  ? 

10.  How  far  should  priority  be  regarded  in  the  selection  of 
existing  names  ? 

11.  Can  priority  be  claimed  for  terms  which  are  vernacular  or 
descriptive  ? 

12.  In  considering  all  questions  of  terminological  reform, 
should  we  not  regard  less  our  present  and  personal  convenience, 
than  the  interests  of  the  vastly  more  numerous  anatomical  workers 
of  the  future? 


Freliminart  note  on  the  lymphatics  of  the  common  bull- 
head, Amiurus  catus  (L.),  Gill.  By  F.  L.  Kilborne, 
B.  V.  S.,  Cornell  University,  Ithaca,  N.  Y. 

The  lymphatic  system  of  fishes  seems  to  have  received  com- 
paratively little  attention  from  working  anatomists.  The  litera- 
ture upon  the  subject,  especially  in  English,  is  very  meagre,  and 
even  in  French  and  German  there  is  little  more.  Hewson,  as  early 
as  1768-9,  first  described  the  lymphatics  of  amphibious  animals 
and  fishes.  Besides  his  paper  I  have  been  able  to  find  in  English 
but  a  single  short  note  by  T.  R.  Jones  upon  the  lymph  heart  of 

^In  later  papers  (**  Encephalic  Nomenclature,*' N.T.  Med.  Jour.,  April  21,28, 1885, 
and  "Paronymy  yersua  Heteranymy  an  Neuronymic  Principlet'%  the  prei»idenual  ad- 
dress before  the  American  Neurological  Association,  1885,  "Jour,  of  Nervous  and  Mental 
Disease/*  July,  1885),  I  have  suggested  that,  in  English  works,  so  far  as  possible,  the 
names  be  given  an  EnglUh  a^ect  by  paronymUation.  For  exam  pie,  commUtura  becomes 
commUture;  peduncultUf peduncle;  meeocaUia^  meeoeceie;  myelum^  myel;  and  encepAa/um, 
encq^heU.  With  many  names  no  change  is  needed,  as  with porto,  auto,/or7ikr,  callotum, 
etc.  neteronfftne  or  vernacular  translations  are  regarded  as  objectionable.  The  same 
principle  is  applicable  to  other  languages. 

▲.  A.  A.  S.,  VOL.  XXXIIL  34 
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the  common  eel.  Giinther,  in  his  ^'Introduction  to  the  study  of 
fishes"  does  not  mention  the  lymphatics  although  every  other  sys- 
tem is  quite  fully  treated.  T.  R.  Jones  in  his  ^'General  outline  of 
.the  organization  of  the  animal  kingdom,  and  manual  of  compar- 
ative anatomy,"  speaks  of  the  lymphatics  of  fishes  as  a^'system  of 
vessels  abundantly  distributed  through  the  body,"  and  which  "ram- 
ify like  a  rich  network  over  the  wall  of  the  intestine."  Owen  and 
Huxley  treat  them  very  briefly  in  general  but  give  little  in  detail. 
In  no  author  do  I  find  this  system  described  as  it  exists  in  the 
common  bull-head  of  the  eastern  and  middle  states. 

As  the  result  of  investigations  carried  on  in  the  anatomical  lab- 
oratory of  Cornell  University  the  lymphatic  system  of  the  bull- 
head is.found  to  consist  of  sinuses,  plexuses,  trunks  and  capillaries, 
the  most  important  of  which  are :  (1)  a  large  visceral  sinus  with 
its  plexuses,  (2)  two  peritoneal  sinuses,  (3)  a  pericardial  plexus, 
(4)  a  large  trunk  at  the  base  of  each  fin  and  (5)  two  subvertebral 
trunks  in  the  abdomen. 

One  of  the  simplest  methods  by  which  these  lymphatics  may  be 
demonstrated  is  by  injecting  starch  or  gelatin  into  the  large 
lymphatic  trunk  which  runs  through  the  base  of  the  anal  fin; 
the  injection  should  be  made  in  both  directions  in  order  to  fill  the 
entire  system.  Care  should  be  taken,  however,  to  first  inject  the 
veins,  otherwise  it  would  be  impossible  to  distinguish  lymphatics 
from  veins,  so  closely  are  they  connected. 

From  the  cephalic  end  of  the  anal  fin  this  lymphatic  trunk 
passes  cephalo-dorsad  to  enter  the  abdominal  cavity  at  its  extreme 
caudal  end.  Here  it  immediately  divides  into  a  right  and  left 
branch  to  form  a  large  lymphatic  sinus  on  each  side  attached  to  the 
parietal  peritoneum  just  ventrad  of  the  kidneys  and  extending  ceph- 
alad  as  far  as  the  kidneys.  These  I  have  designated  as  the  perito- 
neal sinuses.  From  the  end  of  each  of  these  sinuses  a  trunk  extends 
cephalad  along  the  abdominal  wall  until  opposite  the  middle  of  the 
stomach  where  each  passes  mesad  to  enter  the  large  visceral  sinus. 
This  irregular  branching  sinus  covers  nearly  the  whole  of  the  dorsal 
wall  of  the  stomach  andextends  some  distance  caudad  along  the  coil 
of  the  small  intestine  before  it  divides  into  two  or  three  trunks  which 
pass  along  the  mesal  borders  of  the  reproductive  organs  and  large 
intestine  to  join  the  peritoneal  sinuses  at  their  junction.  The  visce- 
ral sinus  is  the  moat  extensive  sinus  of  the  lymphatic  system,  and 
by  the  aid  of  numerous  plexuses  and  small  trunks  receives  all  the 
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lymphatics  of  the  stomach  and  intestines.  It  receives  branches  on 
each  side  from  the  pectoral  fins  and  also  from  the  pericardial  plexus. 
The  two  subvertebral  trunks  in  the  abdomen  receive  the  lymphatics 
of  the  cranium  and  the  dorsal  fin,  and  communicate  by  several 
branches  with  the  peritoneal  sinuses.  A  lymphatic  trunk  from 
each  of  the  ventral  fins  joins  the  large  trunk  from  the  anal  fin  about 
midway  between  that  fin  and  the  abdominal  cavity.  In  one  in- 
stance they  were  also  observed  to  communicate  with  the  peritoneal 
sinuses  by  small  branches. 

At  the  caudal  end  of  the  anal  fin  the  Ij^mphatic  trunk  divides 
into  two  branches  which  pass  dorsad  and  empty  into  the  cardinal 
veins.  The  lymphatic  trunk  in  the  base  of  the  caudal  fin  likewise 
sends  one  or  more  branches  to  the  cardinal  veins.  These  are 
the  only  direct  communications  between  lymphatics  and  veins 
which  I  have  been  able  thus  far  to  satisfactorily  demonstrate ; 
but  judging  fVom  the  condition  described  in  other  fishes  there  are 
probably  other  communications.  In  no  case  were  lymphatic  sin- 
uses found  in  the  tail  as  described  by  Owen,  Huxley  and  others  for 
fishes  in  general. 

The  lymphatics  as  observed  in  the  fins  consist  of  the  large  trunk 
at  their  base,  from  which  a  branch  extends  along  each  border  of 
the  fin-rays  toward  their  tips ;  these  branches  give  off  numerous 
smaller  branches  to  the  space  between  the  fin-rays  and  continually 
subdividing  form  an  anastomosing,  capillary  network  between  the 
lymphatic  branches  of  adjacent  fin-rays.  If  the  tips  of  the  fins  are 
slightly  broken,  or  the  pressure  in  injecting  is  too  great,  the 
branches  along  the  fin-rays  will  become  ruptured  at  the  free  bor- 
der of  the  fin,  allowing  the  injecting  mass  to  escape  in  a  fine 
stream. 


Obsebyatioms  on  the  influence  of  oxygenated  and  non-oyygen- 
ated  blood  as  well  as  of  blood  in  yabiocs  degbees  of 

DILUTION   ON  THE   ISOLATED    HEABT  OF   THE   FBOG  AND   SLIDES 

TEBEAPiN.    By  Dr.  H.  G.  Bbteb,  U.  S.  National  Museum, 
Washington,  D.  C. 

[▲B8TRA0T.] 

This  paper  is  to  prove  that  it  is  not  concentrated  mammalian 
blood  which  produces  the  greatest  amount  of  work  done  by  either 
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the  heart  of  the  frog  or  that  of  the  terrapin,  but  a  certain  degree  of 
dilution  is  necessary  for  that  purpose. 

It  furthermore  shows  that  there  is  no  exception  to  the  constant 
stimulating  influence  of  oxygenated  blood  upon  the  isolated  heart, 
and  none  to  the  constant  depressing  effect  of  non-oxygenated  or 
carbonic-acid  blood. 


Experimental  research  relating  to  the  etiologt  of  tuber- 
culosis. By  George  M.  Sternberg,  M.  D.,  Major  and  Sur- 
geon, U.  S.  A.,  Baltimore,  Md. 

[abstract.] 

The  writer  has  repeated  Koch's  inoculation  experiments  and  is 
able  to  confirm  him  as  to  the  infectious  nature  of  tuberculosis, 
and  also  as  to  the  presence  of  the  bacillus  discovered  by  him  in 
tubercle  nodules  in  the  lungs,  and  in  tuberculous  glands,  of  inoc- 
ulated rabbits  and  guinea  pigs  (inoculated  with  sputum  of  phthisi- 
cal patients). 

The  experiments  of  Formad  of  Philadelphia,  in  which  he  claims 
to  produce  tuberculosis  in  rabbits  by  the  introduction  into  the 
cavity  of  the  abdomen  of  finely  powdered  inorganic  material,  have 
also  been  repeated,  with  an  entirely  negative  result  so  far  as  the 
production  of  tuberculosis  is  concerned. 

The  conclusion  is  therefore  reached  that  the  bacillus  of  Koch  is 
an  essential  factor  in  the  etiology  of  tuberculosis. 

A  full  report  of  these  experiments  will  be  published  hereafter 
in  some  medical  journal. 


On  the  morphologt  and  evolution  of  the  tails  of  osseous 
FISHES.  By  John  A.  Rtder,  Smithsonian  Institution,  Wash- 
ington, D.  C. 

[ABSTRACT.] 

The  caudal  fin  of  fishes  is  developed  in  the  same  way  as  the 
other  median  or  unpaired  fins  from  a  median  fin-fold,  and  the  ob- 
ject of  the  present  communication  is  to  show  its  relation  to  the 
other  median  fins,  also  to  show  that  after  the  protocercal  stage  of 
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the  Iai*va  is  passed,  a  lower  caudal  lobe  grows  out  which  is  proba- 
bly the  homologue  of  a  second  anal,  for  which  reasons  will  be  as- 
signed. The  hypotheses  which  grow  out  of  a  consideration  of  the 
facts  of  the  development  of  the  tails  of  fishes  are  the  following : — 

1.  Whenever  heterocercality  manifests  itself  there  is  a  more  or 
less  extensive  degeneration  of  the  caudal  end  of  the  chordal  axis, 
which  began  to  become  manifest  far  back  in  the  phylum  in  such 
forms  as  the  Holocephali^  Dipnoi  and  Cronoptet'ygians, 

2.  With  the  outgrowth  of  the  lower  lobe  (second  anal),  the  en- 
ergy of  growth  tended  to  push  the  tip  of  the  chorda  upward,  the 
lobe  itself  arising  probably  in  consequence  of  the  localization  of 
the  energy  of  growth  and  the  deposit  of  organic  material  at  this 
point  according  to  the  demands  of  use  and  effort. 

3.  Local  use  and  effort  acting  as  constant  stimuli  of  local  growth 
carried  the  heterocercal  condition  and  its  accompanying  modifi- 
cations of  degeneration  and  reduction  still  farther,  as  is  shown  by 
a  study  of  the  homologous  elements  in  the  tails  of  fishes ;  while 
use  and  effort  would  also  continue  to  augment  heterocercality  until 
the  inferior  and  superior  lobes  were  about  of  the  same  length  and 
area,  when  the  morphological  characters  of  the  caudal  fin  would 
become  approximately  stable  for  any  one  species,  as  may  be  shown 
by  means  of  a  simple  mechanical  illustration  in  which  the  inter- 
action and  composition  of  the  forces  which  are  brought  into  action 
while  the  tail  is  being  used  are  demonstrated. 

4.  The  mechanical  demonstration  alluded  to  above,  taken  to- 
gether with  the  fact  that  the  primitive  or  ancestral  form  of  the 
tail,  which  is  typified  by  a  temporary  condition  in  fish  larvae, 
when  the  myocommata  are  rudimentary  but  still  symmetrical, 
amounts  almost  to  a  demonstration  of  the  principles  first  laid  down 
by  Lamarck,  then  elaborated  by  Spencer,  and  more  recently  ap- 
plied to  special  cases  by  Professor  Cope  and  myself. 


Ok  some  points  in  the  development   of  pelagic  teleostean 
EGGS.     By  George  Brook,  jr.,  F.  L.  S.,  Huddersfield,  Eng. 

[ABSTRACT.] 

Pelagic  teleostean  eggs  differ  in  several  important  points  of 
development  from  non-pelagic  eggs. 

(a)  In  the  trout  which  may  be  taken  as  a  type  of  the  non-pelagic 
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group  the  hypoblast  originates  as  an  involution  of  the  lower 
layer  upon  itself  according  to  Henneguy  and  the  space  between 
the  two  layers  is  quite  distinct.  The  absorption  of  free  cells  from 
the  yolk  is  quite  a  minor  feature  in  this  case.  In  pelagic  eggs  I 
am  convinced  the  process  is  different.  Sections  of  the  egg  of 
TVachinus  vipera  about  this  sts^e  show  that  into  the  pasablast  of 
Klein,  the  intermediary  layer  of  American  authors,  a  large  number 
*  of  free  cells  and  nuclei  are  absorbed  from  the  yolk  which  contrib- 
ute to  a  very  great  extent  to  build  up  the  hypoblast.  In  this 
case  there  is  no  true  invagination,  nor  are  the  lower  layer  cells 
curved  under  on  themselves  as  is  described  by  Henneguy  for  the 
trout.  In  MoteUa  muatelay  which  I  have  also  studied,  the  hypo- 
blast appears  to  originate  much  in  the  same  way  as  in  Trachinna; 
but  the  resulting  cells,  instead  of  being  quite  similar  to  the  orig- 
inal ones  as  is  usual  in  Tdeoateans,  are  very  much  larger  and  hexag- 
onal so  that  there  can  be  no  doubt  they  are  not  derived  directly 
from  the  lower  layer  cells.  Kingsley  and  Conn,  in  their  paper  on 
the  development  of  the  cunner,  state  that  the  hypoblast  originates 
by  the  invagination  of  the  epidermic  layer  of  the  epiblast.  This 
may  appear  the  case  in  ^'optical"  section  of  the  living  egg,  but  I  feel 
sure  that  actual  sections  of  the  blastoderm  will  show  that  the  epi- 
dermic layer  is  continued  some  distance  beyond  the  point  of  in- 
vagination and  takes  no  part  whatever  in  the  process. 

(b)  In  the  species  of  pelagic  eggs  which  I  have  examined,  I  have 
always  found  the  segmentation  cavity  to  persist  as  is  described  by 
Ryder  for  the  Spanish  mackerel  (Bull.  U.  S.  Fish  Comm.  Vol.  I) 
and  by  myself  for  the  Lesser  Weever  fish  (Linn.  Soc.  Jour.  Vol. 
XVIII).  Mr.  Kingsley  also  seems  now  to  have  changed  his  opin- 
ion on  this  point  and  to  agree  with  Ryder's  main  points. 

(c)  The  late  stage  at  which  any  circulation  is  to  be  observed  in 
the  floating  eggs  already  described  is  in  striking  contrast  with 
the  early  circulation  both  in  the  embiyo  and  the  yolk  sac  which 
obtains  in  non-pelagic  eggs.  So  far  as  I  am  aware  no  circulation 
has  been  observed  in  pelagic  eggs  up  to  time  of  hatching  so  that 
the  circulatory  system  is  quite  late  in  developing. 
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Structure  and  development  of  the  suspensory  ligament  in  the 

HORSE,   ox  AND   SHEEP.        By   D.   J.     CUNNINGHAM,    FrofeSSOT 

of  Anatomy,  Trinity  College,  Dublin,  Ireland. 

LAB8TRACT.] 

This  paper  contained  a  short  account  of  how  muscles  of  the 
foot  in  the  animals  mentioned  are  converted  into  ligamentous 
structures,  and  was  illustrated  by  microscopic  specimens. 


On  the    PRESENCE   OF    ETES,   AND    OTHER    SENSE   ORGANS    ON    THE 

SHELLS  OF  THE  Chitonid^.     By  Henrt  N.  Moselet,  Pro- 
fessor of  Anatomy,  University  of  Oxford,  England. 

[ABSTRACT.] 

The  tegmentary  part  of  the  shell  of  the  Chitonidse  is  trav- 
ersed by  a  series  of  ramifying  canals,  which  in  most  forms  termi- 
nate at  the  exposed  surfaces  of  the  shells  in  numerous  fine  pores 
of  two  dimensions,  large  and  small,  which  may  be  conveniently 
termed  roegalopores  and  micropores.  These  pores  are  arranged 
on  the  shell  surfaces  in  definite  patterns.  The  canal  ramifications 
are  occupied  in  the  recent  state  of  the  animals  by  corresponding 
ramifications  of  soft  tissue  and  nerves,  prolongations  of  the  man- 
tle tissues. 

The  ramifications  of  soft  tissue  terminate  in  the  megalopores 
and  micropores  in  cylindrical  or  sausage-shaped  tactile  organs  of 
two  sizes  which  may  be  termed  megalsesthetes  and  micrsesthetes. 
These  organs  differ  in  form  in  the  different  genera.  The  megalses- 
thetes  lie  in  the  megalopores  and  the  micraesthetes  in  the  micro- 
pores, and  both  can  apparently  be  protruded  from  their  pores  to 
exercise  their  tactile  function.  The  micrsesthetes  are  supplied  by 
nerves  which  are  given  off  from  the  sides  of  the  megalsesthetes.  In 
certain  genera  of  Chitonidse,  eyes  are  present  in  the  tegmenta  of 
the  shells  variously  disposed  at  their  surfaces  among  the  pores. 
These  eyes  receive  their  nerves  from  the  same  network  as  that 
which  supplies  the  organs  of  touch,  the  optic  nerves  being  simply 
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offsets  of  this  network  in  no  way  differing  fVom  those  supplying 
the  micraesthetes.  The  eyes  consist  each  of  a  calcareous  convex 
cornea  continuous  with  the  surface  layer  of  the  shell,  a  biconvex 
lens  of  soft  tissue  and  a  retina,  which  is  constructed  on  the  same 
t3'pe  as  that  of  Helix,  having  a  layer  of  rods  on  its  surface  which 
is  exposed  to  the  lens  and  the  light.  The  retina  thus  does  not 
correspond  in  structure  as  might  have  been  expected  with  that  of 
the  dorsal  eyes  of  Oncidium  or  the  eyes  of  Pecten.  The  chamber 
of  each  eye  is  pear-shaped  and  enclosed  by  a  darkly  pigmented 
choroid  membrane  which  is  inflected  at  the  mouth  of  the  chamber 
to  form  a  sort  of  iris  round  the  lens.  The  optic  nervb  gives  off  all 
round,  before  expanding  into  the  retina,  a  series  of  fine  offsets 
which  jierforate  the  iris  region  of  the  choroid  and  terminate  at  the 
shell  surface  in  a  zone  of  micraesthetes  round  the  eye  which  are 
exactly  similar  in  structure  to  those  supplied  with  nerve  offsets  from 
the  micraesthetes  as  already  described.  From  this  circumstance 
and  the  general  facts  of  structure,  there  seems  to  be  no  doubt  that 
the  eyes  are  homologous  with  the  micraesthetes  and  are  special 
modifications  of  them. 

In  the  genera  Chiton,  Molpalia,  Mangina,  Lorica,  Ischnochiton 
and  Chitonellus  there  appear  to  be  no  eyes,  only  the  tactile  organs 
being  present. 

The  eyes  are  largest  in  Schizochiton  in  which  genus  they  were 
first  discovered.  They  are  always  entirely  confined  to  the  teg- 
mental region  of  the  shells.  They  are  best  seen  in  shells  moistened 
with  spirits  and  appear  on  them,  under  a  powerful  lens,  as  brilliant 
highly  refracting  convex  objects.  In  Schizochiton  the  eyes  are 
arranged  in  single  linear  rows  of  which  there  are  two  on  each  in- 
termediate shell  and  six  on  the  anterior  and  posterior  shells,  360 
eyes  in  all  being  present.  The  eyes  measure  about  y^-s^th  of  an 
inch  in  diameter.  In  Corephium  aculeatum^  the  eyes  are  very  small 
and  oval  in  outline  of  the  cornea.  They  measure  ^Ji>th  by  f^^th 
of  an  inch.  ^  There  appears  from  a  rough  estimate  to  be  about 
3,000  eyes  on  the  anterior  shell  and  11,000  on  the  entire  series  of 
eight  shells. 

The  eyes  are  constantly  being  formed  at  the  margins  of  the 
tegmenta  by  the  mantle  as  the  shells  grow.  They  can  be  seen  in 
all  stages  of  formation.  In  some  Chiton idae  they  become  removed 
by  wear  and  erosion  on  the  older  parts  of  the  shell.    In  some  gen- 
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era,  as  in  Tonicia,  the}'  are  sunk  in  depressions  of  the  shell  surface, 
and  thus  protected  from  wear  survive  all  over  the  shells  through- 
out life. 

A  full  account  of  the  above  results  fully  illustrated  will  be  pub- 
lished in  the  January  number  of  the  Quarterly  Journal  of  Micro- 
scopical Science. 


On  the  frilled  shark.     By  S.  Garman,  Assistant,  Museum  of 
Comparative  Zoology,  Cambridge,  Mass. 

[abstract.] 

Chlamtdoselachus  ANGuiMEus  Garmau,  1884,  Jan.  17,  Bulletin 
Essex  Institute,  Vol.  XVI. 

A  preliminary  description  based  on  the  external  characters  of 
this  shark  has  already  been  published  in  the  Bulletin  of  the  Essex 
Institute,  Vol.  XVI,  p.  47.  The  present  paper  is  an  abstract  of  an 
anatomical  and  comparative  study  of  details,  which  has  been  made 
possible  by  the  liberality  of  Professor  Alex.  Agassiz.  The  results 
of  the  study  confirm  the  conclusions  advanced  in  m^  first  publica- 
tion on  the  subject  concerning  the  relations  of  this  genus  to  the 
Cladodonts  and  to  the  living  Selachia.  As  determined  from  the 
teeth,  which  represent  all  that  is  at  present  known  of  the  extinct 
Cladodonti,  the  affinities  of  Chlamydosdachtis  reach  back  to  that 
group  as  found  in  the  Sub-Carboniferous  and  Middle  Devonian. 
Until  we  know  more  of  their  general  structure,  the  genus  under 
consideration  must  stand  as  one  of  the  Cladodonts,  at  this  date 
their  only  known  recent  representative.  Under  dissection  the 
skeletal  structure  shows  quite  as  emphatically  as  the  dentition  that 
the  claim  of  Professor  Cope  that  this  shark  belongs  to  his  genus 
Didymodus  is  not  based  on  knowledge  of  the  animal. 

Didymodus  cannot  rightly  be  placed  in  the  sub-order  containing 
this  shark.  Chlamydoselachus  is  a  shark,  though  differing,  in 
various  respects,  quite  enough  to  be  very  distinct  from  the  other 
recent  genera.  It  approaches  them  most  nearly  in  Heptabranchias 
of  the  Notidanidae,  Prominent  resemblances  occur  iu  the  number 
of  gill  arches,  the  shape  of  the  brain,  the  origins  of  the  nerves,  and 
other  features.  The  great  differences  in  shapes  of  body,  head  and 
tail,  in  dentition  and  squamation  have  already  been  indicated  in 
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the  description.    If  these  genera  were  now  extinct,  and  had  left 
us  but  the  teeth,  or  teeth  and  scales,  close  affinities  between  them 
would  have  been  among  the  last  to  be  suspected.    Additional  and 
important  differences  between  them  appear  in  the  skull,  the  verte- 
brae, the  pelvis,  the  cartilages  of  dorsal,  ventral  and  tail,  in  the 
heart,  vascular  system  and  elsewhere.    The  skull  compares  better 
with  that  of  the  embryo  Heptabranchids  than  with  that  of  the  adult. 
The  notochord  is  persistent ;  it  Is  not  divided  into  segments,  but 
merely  constricted,  about  half  its  width,  by  the  anterior  vertebrae ; 
in  the  posterior  and  greater  portion  of  its  length,  its  diameter  is 
uniform,  without  constrictions.    The  pelvis  is  much  elongated, 
and  numerous  radials  articulate  directly  with  it.    A  much  longer 
extent  is  occupied  by  the  cartilages  of  the  dorsal  than  is  usual,  as 
compared  with  the  extent  of  the  fin.    It  is  as  if  ancestors  had  pos- 
sessed a  dorsal  of  greater  length — one  that  agreed  better  in  pro- 
portions with  the  anal,  but  which  had  become  reduced  in  length 
more  rapidly  in  the  fin  than  in  the  basal  cartilages.    Instead  of 
tapering  gradually  to  a  point,  as  in  sharks  generally,  the  vertebral 
column  stops  with  abruptness  at  a  width  of  about  five-eighths  of  an 
inch,  and  the  canal  is  closed  by  a  small  lump  of  soft  cartilage.    Of 
the  heart  the  bulbus  is  long  and  contains  seven  rows  of  valves,  the 
proximal  of  which  is  occupied  by  a  single  valve.    Heptabranchias 
has  been  considered  to  have  a  normal  number  of  but  three  rows, 
A  specimen  of  H.  maculatv^  before  me  has  a  short  bulbus  with 
three  rows,but  in  the  middle  of  its  length  there  are  traces  of  two 
other  rows  which  have  become  obsolete.     In  a  very  young  H.  pecto* 
rosus^  the  bulbus  is  short  also,  and  has  five  rows  of  valves,  which 
suggests  a  possible  loss,  or  undeveloped  condition,  of  two  rows 
later  in  life.    The  only  specimen  of  ChlamydoselacJius  that  has 
come  to  our  notice  belongs  to  the  Museum  of  Comparative  Zool- 
ogy at  Cambridge,  Mass.    The  complete  paper  illustrated  with 
numerous  figures  of  the  anatomy  will  be  published  by  the  Museum. 


On  the  hitherto  unknown  mode  of  oviposition  in  the  Car- 
ABiDiE.  By  Prof.  C.  V,  Rilet,  U.  S.  Entomologist,  Wash- 
ington, D.  C. 

[AB8THACT.] 

The  Carabidse  constitute  one  of  the  leading,  largest  and  best 
known  families  of  Coleoptera.    Its  members  are  chiefly  preda- 
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ceons,  and  are  quite  commonly  met  with  both  in  the  larva  and  im- 
ago states,  in  all  sorts  of  localities,  either  hiding  under  logs  or 
stones,  or  scampering  over  the  ground — whence  the  popular  name 
of  ground-beetles.  Considering  their  numbers  and  frequency  it 
is  remarkable  that  nothing  at  all  definite  is  on  record,  as  to  their 
mode  of  oviposition.  The  paper  records  the  actual  habit  in  one 
species  {Chloenius  impunctifrons)  traced  from  the  egg  to  the  imago 
by  breeding,  and  strong  proof  of  the  similar  habit  in  another  spe- 
cies of  the  genus,  viz.,  Chloenius  cestivus^  in  Scantea  subterraneuSj 
and  in  the  genera  Diccdus  and  Galerita.  The  remarkable  and  un- 
expected fact,  in  insects  so  essentially  terrestrial,  is  that  the  eggs 
are  laid  singly  on  the  leaves  of  trees  and  shrubs,  and  encased  in  a 
shell  of  mud  or  clay.  The  eggs  and  the  larvse  are  described,  and 
the  manner  of  forming  the  case ;  the  object  of  the  habit  and  the 
probabilities  of  its  being  normal  in  the  family,  discussed.  In- 
stances of  equally  remarkable  oviposition  away  from  the  food  or 
habitat  of  the  larva  are  mentioned  in  the  Lepidoptera,  Diptera 
and  Neuroptera. 


The  habits  of   some  ARvicoLiNiE.     By  Edgar  R.  Quick  and 
A.  W.  Butler,  Brookville,  Ind. 

Four  species  of  Arvicolinse  have  been  found  in  southeastern 
Indiana.  Synaptomys  cooperi  Bd.,  Arvicola  pinetorum  Le  C, 
Arvicola  riparius  Le  C,  and  Arvicola  austerus  Ord. 

The  credit  of  the  discovery  of  Cooper's  field  mouse,  in  Indiana, 
belongs  to  Rufus  Raymond,  who  in  1866  sent  a  specimen  of  this 
mouse  from  Brookville,  to  the  Smithsonian  Institution.  This  mouse 
is  numbered  9963  in  the  Smithsonian  collection.  No  other  speci- 
men was  taken  in  Indiana  for  several  years.  In  1879  one  of  the 
writers  took  the  second  specimen,  about  three  miles  south  of  Brook- 
ville, and  four  miles  from  where  the  first  one  was  taken.  Speci- 
men after  specimen  followed  this  one,  all  being  taken  from  the 
same  locality. 

From  the  most  reliable  information  obtainable,  we  conclude  that 
less  than  fifty  specimens  of  this  little  mammal  have  been  taken,  of 
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which  number,  more  than  half  have  been  taken  by  the  writers 
from  this  locality. 

This  mouse  is  found  on  hillsides,  in  high,  dry,  blue-grass 
pastures,  where  flat  stones  abound.  It  especially  prefers  what 
are  known  as  '^woods  pastures,"  containing  little  or  no  under- 
growth. 

Cooper's  field  mouse  has  been  found  breeding  from  February  to 
December.  It  has  never  been  known  by  the  author  to  bring  forth 
more  than  four  young  at  a  time.  In  all  suckling  females  which 
have  been  examined  by  us,  but  four  mammae  were  apparent,  one 
pair  pectoral  and  the  other  inguinal . 

In  young  specimens,  the  hair  appears  finer,  shorter,  and 
more  glossy,  than  in  more  aged  examples.  As  a  rule,  the 
specimens  just  reaching  maturity  are  darkest,  but  one  old  female 
shows  a  very  dark  reddish-brown  back  and  is  dark  ash  below. 

The  nest  of  this  species  is  always  under  cover,  generally  be- 
neath a  log  or  stump,  and  is  composed  of  fine  grass  not  very  se- 
curely held  together. 

Coopei*'s  mice  live  in  winter  chiefly  upon  the  stems  of  blue- 
grass,  and  the  more  tender  portions  of  white  clover.  The  roots 
of  the  ''wild  artichoke,"  Helianthus  doronicoidea  Lam.,  have  also 
been  found  in  quantities  in  their  storehouses. 

These  mice  vary  much  in  numbers,  in  different  years.  In  1879 
they  were  very  common  on  a  hill  south  of  Brookville.  This  year 
no  examples  of  S.  cooperi  have  been  taken  on  this  hill,  but  a 
single  specimen  was  found  not  far  distant. 

Cooper's  mouse  is  the  most  active  representative  of  its  family 
in  this  locality.  It  is  most  frequently  found  by  turning  over  logs 
and  stones,  beneath  which  it  remains  concealed. 

The  second  representative  of  this  family,  Arvicola  pinetorum 
Le  C,  pine  mouse,  has  been  considered  rare  in  this  locality,  but  in 
a  two  hours'  hunt  in  February  last,  eleven  specimens  were  taken. 
This  species  strongly  resembles  a  mole  in  form,  especially  in  the 
size  of  its  fore  feet  and  of  the  forward  part  of  its  body.  Its  habits 
are  also  somewhat  similar.  The  runways  of  the  pine  mouse  are 
nearly  always  under  ground.  They  frequent  the  higher  part  of 
steep,  partially  wooded  hills,  in  winter  occupying  the  warmer  ex- 
posures. When  the  covering  is  suddenly  removed  from  their 
winter  quarters,  they  appear  dazzled  by  the  light,  and  for  an  in- 
stant, can  be  easily  caught.    Of  this  opportunity,  one  must  take 
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advantage,  or  they  suddenly  disappear  among  their  intricate  un- 
derground passages  where  they  are  quite  safe. 

The  nest  of  the  pine  mouse  is  a  round  ball  of  blue-grass  blades, 
from  four  to  six  inches  in  diameter.  The  interior  is  composed  of 
fine  grass.  The  nest  is  generally  placed  beneath  a  pile  of  leaves 
or  an  old  stump.  These  nests  are  often  occupied  by  the  mice  as 
winter  quarters. 

The  pine  mouse,  in  winter,  lives  upon  the  tender  roots  of  young 
hickories,  Carya  alba  Nutt.,  the  young  sprouts  of  white  clover, 
Trifolium  repena  L.,  the  fruit  of  the  red  haw,  Gratoegus  coccinea 
L.,  and  the  tuberous  roots  of  the  "wild  violet,"  Viola  cucuUata 
Ait.  These  products,  except  the  first,  are  found  stored  in  large 
quantities.  As  much  as  a  gallon  of  the  tubers  of  the  wild  violet 
have  been  found,  buried  by  these  mice,  eighteen  inches  below  the 
surface  of  the  ground. 

The  common  meadow  mouse,  Arvicola  riparius  Le  C,  is  the 
most  common  mammal  in  southeastern  Indiana.  Some  3'cars 
they  are  very  numerous,  the  ground  being  literally  hone3Xombed 
by  their  passages.  After  the  early  snows  have  fallen,  corn  shocks 
will  be  found  thickly  colonized  by  these  little  pests,  who  find 
there,  not  only  comfortable  quarters,  but  a  well  filled  granary 
from  which  to  draw  their  winter's  food.  Should  the  snow  remain 
on  the  ground  for  any  great  length  of  time,  the  runways  of  these 
mice  will  show  that  their  explorations  have  been  extended  almost 
everywhere. 

Their  food  in  winter  is  the  corn  found  in  the  thriftless  farmer's 
shocks,  the  seeds  of  a  number  of  common  plants,  and  the  young 
blades  of  the  blue-grass. 

Their  large  round  nests  remind  one  of  miniature  musk-rat 
houses.  They  are  constructed  of  grass  strongly  interwoven. 
The  single  opening  to  their  home  is  below,  connecting  with  their 
runways.  These  nests  are  found  in  almost  every  conceivable 
place :  in  thickets,  swampy  places,  in  fence  corners,  and  many  in 
open  clover-fields  where  the  mice  prey  upon  the  nests  of  the  hum- 
ble bees. 

The  meadow  mice  breed  from  February  to  December.  Arvicola 
austerus  Ord.,  called  by  some  authorities  "prairie  meadow  mouse" 
is  the  rarest  of  the  family  in  this  locality.  We  think  Dr.  Lang- 
don  very  properly  calls  this  species,  the  "wood  mouse"  on  ac- 
count of  its  attachment  to  the  more  open  woodland,  or  the  grassy 
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fields  and  newly  cleared  land  adjoining  snch.  All  the  specimens 
seen  here  have  been  caught  by  a  cat,  hence  we  are  unacquainted 
with  its  habits. 

Those  of  the  above  mentioned  species  with  which  we  are  best 
acquainted  occur  at  times  in  great  numbers,  while  in  other  years  they 
are  scarce.  During  the  years  1878-79,  Arvicola  nparius  was 
very  common,  but  in  1880  most  of  them  disappeared,  and  for  a 
long  time  they  were  very,  scarce.  They  have  slowly  increased  in 
numbers  since  that  time  and  are  now  as  numerous  perhaps  as 
ever.  ' 

The  principal  enemies  of  these  mice  are  the  smaller  hawks  (  Tin- 
nuculus  sparveriiLa  VieWh  ;  Accipiter  fuscusBp, ;  and  Accipiter  coop' 
m  Bd.)  ;  and  owls  (Scops  asio  Bp. ;  and  Asio  cuxipitrinua  Bd.). 
Cats  and  dogs  catch  them  as  opportunity  affords.  Many  are  also 
killed  by  shrews. 

All  of  these  mice  are  gregarious.  Their  habits  differ  to  a  con- 
siderable extent.  Each  species  lives  on  some  particular  food  found 
near  its  home.  Except  in  the  case  of  the  pine  mouse  and  Coop- 
er's mouse,  the  local  ranges  of  no  two  species  overlap ;  each  fre- 
quents a  particular  locality,  from  which  it  plays  its  part  in  the 
economy  of  nature. 


Feathers  of  the  dodo.    By  H.  N.  Moselet,  Professor  of  Anat- 
omy, University  of  Oxford,  England. 

[ABSTRACT.] 

Professor  Moselet  exhibited  a  drawing  showing  the  arrange- 
ment of  the  follicles  of  the  feathers  in  the  unique  specimen  of  the 
skin  of  the  head  of  the  dodo  {Didus  ineptua)  belonging  to  the 
University  of  Oxford.  Unlike  what  occurs  in  all  other  birds,  in 
the  dodo  all  the  feathers  are  disposed  in  groups  of  three  which 
are  nearly  equal  in  sisse.  This  arrangement  of  the  feathers  is 
shown  in  one  of  the  ancient  oil-paintings  of  the  dodo,  by  Savery, 
belonging  also  to  the  Oxford  collection.  It  seems  probable  that 
the  two  lateral  feathers,  in  each  group  of  three,  are  homologous 
with  the  pair  of  minute  rudimentary  feathers,  termed  filoplumes, 
which  in  the  pigeons  lie  on  either  side  of  the  follicle  of  each  main- 
feather.    It  seems  probable  that  in  the  dodo,  and  in  the  ancestral 
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pigeons,  the  feathers  were  disposed  in  groups  of  three  of  nearly 
similar  dimensions,  and  that  in  course  of  development  the  lateral 
feathers  of  each  group  have  been  reduced  to  the  rudimentary  filo- 
plume  condition  by  the  preponderance  of  the  central  main  feather. 


The  hood  of   thb  hooded  seal    (Ctstophoba  cbistata).    By 
C.  Hart  Merriam,  M.  D.,  Locust  Grove,  N.  Y. 

[AB8TBACT.] 

Writers  upon  Pinnipeds  agree  in  stating  that  the  curious  ap- 
pendage variously  known  as  the  "hood",  "cap",  or  "bladder"  of 
the  hooded  seal  is  placed  upon  the  top  of  the  head,  and  is  cap- 
able (in  some  wholly  unexplained  way)  of  being  drawn  over  the 
eyes  at  will.  As  a  matter  of  fact,  it  is  an  inflatable  proboscis 
overhanging  the  mouth  and  extending  posteriorly  to  a  point  a  lit- 
tle behind  the  eyes.  It  is  lined  by  a  continuation  of  the  nasal 
mucous  membrane,  and  is  divided  longitudinally  into  two  dis- 
tinct chambers,  by  a  continuation  and  expansion  of  the  nasal  sep- 
tum. It  is  supported  by  three  cartilages^-one  median  and  two 
lateral.  It  is  only  present  in  the  males,  and  does  not  become 
noticeable  till  the  fourth  year.  It  is  purely  a  sexual  development 
and  its  function,  if  any,  is  unknown. 


Hibernation  of  the  lower  vertebrates.    By  A.  W.  Butler, 
Brookville,  Ind. 

[ABSTRACT.] 

I  HAVE  for  several  years,  as  opportunity  offered,  carefully  noted 
my  observations  of  the  "Lower  vertebrates,"  in  southeastern  In- 
diana. The  question  of  hiberaation  of  this  portion  of  the  animal 
kingdom  has  recently  been  brought  to  our  attention,  and  in  this 
connection  I  will  present  my  observations  upon  this  subject. 

The  common  "box  tortoise"  of  this  region  hibernates  regularly. 
It  frequents  the  drier  woodland,  partially  overgrown  with  under- 
brush.   It  enters  the  ground  the  latter  part  of  September  or  early 


544  SECTION  F. 

in  October  to  a  depth  of  not  more  than  a  foot,  the  average  being 
from  eight  to  ten  inches.  A  few  years  ago,  in  March,  I  was  burn- 
ing over  a  tract  of  woodland,  on  which  were  a  number  of  brusii 
piles.  When  the  fire  burned  out  I  passed  where  some  of  these 
brush  piles  had  been.  I  noticed  the  ground  appeared  to  be  torn 
up  as  though  a  charge  from  a  shot  gun  had  been  fired  into  it.  Ex- 
amination in  several  instances  revealed  the  fact  that  the  work  had 
been  done  by  tortoises.  The  heat  had  aroused  them  from  their 
winter  quarters,  and  they  sought  the  surface  and  the  cause  of 
their  sudden  awakening. 

The  day  being  quite  cool,  I  placed  them  in  a  beaten  road  which 
passed  through  the  woods,  and  awaited  further  developments. 
The^ tortoises  appeared  to  realize  that  they  had  entered  upon  their 
summer  career  too  soon,  and  in  a  few  moments  they  were  all  safely 
buried  beneath  the  neighboring  brush  piles  and  leaves. 

The  box  tortoise  emerges  from  its  winter  quarters  late  in  April 
or  early  in  May. 

All  the  river  and  pond  turtles  hibernate  in  this  locality.  The 
"soft  shelled  turtles"  burrow  deep  into  the  mud,  while  their  "hard 
shelled"  relatives,  not  being  so  susceptible  to  climatic  changes,  do 
not  winter  at  such  a  depth. 

I  have  under  my  charge  a  water  power  canal,  parts  of  which  are 
thickly  populated  by  turtles.  In  winter  while  making  repairs, 
"hard  shelled"  turtles  are  often  found  at  four  to  twelve  inches  be- 
neath the  earth,  in  the  bed  of  the  canal.  When  one  is  found  we 
feel  confident  of  finding  two  to  four  companions  near  by.  The 
White  Water  Rivers  are  very  clear  in  winter,  enabling  one  to  ex- 
amine even  their  deeper  portions  to  advantage.  I  have  never 
been  able  to  hear  of  an  instance  where  a  turtle  has  been  seen, 
even  in  the  deepest  water :  besides,  the  deeper  holes  are  seined 
almost  every  winter,  and  I  have  been  unable  to  learn  of  a  turtle 
ever  having  been  drawn  out  by  a  seine  at  that  time  of  the  year. 

My  fellow  worker,  Mr.  E.  R.  Quick,  mentions  two  instances  of 
turtles  leaving  ponds  which  became  dry  in  winter.  On  one  of 
these  occasions  he  noticed  tlie  tracks  of  a  turtle  in  the  snow  which 
he  thinks  were  made  while  the  snow  was  melting. 

I  have  found  "hard  shelled"  turtles  that  had  been  left  some  dis- 
tance from  the  river  by  the  winter's  floods.  They  appeared  dead, 
but  when  brought  to  the  fire  became  quite  active.  "Soft  shelled" 
turtles  when  found  under  these  circumstances  never  recover. 
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Our  more  tender  fiah  hibernate,  but  many  hardy  species  occupy 
the  deeper  pools  of  our  rivers,  where  they  are  caught  in  large 
numbers  by  means  of  seines  and  other  nets.  The  species  most 
commonly  caught  in  this  manner  are  the  "quill  backs"  {Carpoides 
velifer  Rafinesque  and  O.  cutisanserinus  Cope),  "white  sucker" 
{Catostomus  teres  Le  S.)  and  the  "hog  sucker"  or  "molly  hog"(C 
nigricans  Le  S.).  The  latter  is  the  hardiest  of  our  fishes.  It  is 
found  in  winter  in  shallow  water  six  to  twelve  inches  in  depth. 
When  the  streams  are  frozen  over,  just  enough  to  bear  a  man  in 
safety,  many  "molly  hogs"  are  killed  by  striking  a  heavy  blow 
with  an  axe  just  above  where  they  lie. 

The  common  toad  regularly  hibernates  in  sandy  soil,  burrowing 
to  the  depth  of  eighteen  inches.  In  clayey  ground,  the  average 
depth  attained  is  about  eight  inches.  They  frequent  gardens  and 
are  often  uncovered  in  the  autumn  by  the  farmers,  when  burying 
farm  produce  and  apples.  In  early  spring  they  are  frequently 
thrown  out  by  the  spade  during  early  gardening,  and  in  a  few  mo- 
ments hop  off,  apparently  without  impediment. 

Frogs  are  at  times  found  some  distance  from  water,  passing 
the  winter  burrowed  in  damp  places.  Early  last  spring,  two 
leopard  frogs(12ana  halecina  Kalm.)were  found  in  a  cellar  window 
buried  beneath  the  accumulations  of  the  past  year.  The  weather 
was  quite  cool,  and  the  frogs  appeared  to  be  dead,  but  when  taken 
into  a  warm  room  they  soon  revived  and  began  croaking.  The 
locality  just  mentioned  is  on  a  ridge  about  seventy-five  feet  above, 
and  over  three  hundred  yards  in  a  horizontal  direction  from  the 
river. 

As  a  rule,  newts  and  salamanders  do  not  enter  the  ground,  but 
spend  the  winter  in  springs  and  beneath  leaves  and  logs  in  the 
damper  woods.  I  have  found  them  in  winter,  when  the  springs 
were  not  frozen,  to  be  quite  active.  I  have  taken  the  common 
newt  on  several  occasions  in  damp  woods,  under  logs,  when  they 
appeared  to  be  frozen,  but  when  placed  in  the  sun  or  held  in  the 
hand  for  a  short  time,  they  revived.  Early  in  March  the  woodland 
ponds  teem  with  salamanders  of  different  species. 

From  my  observations,  of  which  the  preceding  notes  are  ab- 
stracts, I  conclude :  that  in  this  part  of  the  Ohio  Valley  tortoises, 
turtles,  toads  and  frogs  are  regularly  found  hibernating ;  while  on 
the  other  hand  newts,  salamanders  and  many  species  of  fish  do 
not  as  a  rule  enter  a  torpid  state. 
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BT 

PROFESSOR  T.  G.  WORMLEY, 

VICE  PRESIDENT,  SECTION  G. 


THE  APPLICATIONS  OF  THE  MICROSCOPE.^ 


The  subject  was  the  applications  of  the  microscope  in  chemical 
and  micrometric  observations.  The  microscope,  he  said,  fre- 
quently enables  us  to  determine  in  a  moment  questions  which, 
without  its  aid,  would  require  hours  and  days.  Thus:  If  a  piece 
of  bright  copper  be  placed  in  an  acid  solution  containing  arsenic 
and  heated,  the  copper  becomes  coated  with  a  dark  deposit.  This 
is  common  to  several  metals ;  but  if  the  copper  strip  be  then 
placed  in  a  small  tube  and  heated,  the  arsenic  will  be  sublimed,  and 
will  condense  in  the  cool  part  of  the  tube  in  minute  octahedral 
crystals,  which  may  be  recognized  with  a  microscope.  If  the 
copper  be  coated  with  mercury,  opaque  microscopic  globules  of 
that  metal  will  be  found  in  the  sublimate.  Quantities  of  metal, 
alkaloids,  etc.,  much  smaller  than  can  be  detected  by  chemical 
tests,  can  be  discovered  in  this  way.  Of  the  two  metals  mentioned, 
TooVcnr  ^^  &  grain  of  either  of  them  can  be  recognized.  As  further 
illustrating  the  delicacy  of  microscopical  tests,  the  alkaloid 
atropine  may  be  mentioned.  With  bromine  and  bromhydric  acid 
this  substance  yields  peculiar  crystals,  which  are  characteristic 
in  quantities  of  73^77  of  a  grain. 

Another  important  application  of  the  microscope  is  in  the 
identification  of  blood  in  stains,  etc.  The  results  of  extended 
observations  by  the  speaker  relative  to  the  subject  will  soon  be 
published.  The  question  presented  to  a  microscopist  when  called 
upon  to  examine  a  stain  may  be  in  one  of  three  forms,  viz. :  1.  Is 
it  or  is  it  not  blood?  2.  It  i^  admitted  to  be  blood,  but  what 
kind  of  blood  ?  3.  It  is  admitted  to  be  blood,  and  asserted  to  be 
blood  of  a  mammal. 

lAbatract  of  address  prepared  by  the  aeoretary  of  the  section. 
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In  the  first  instance  the  presence  of  blood  can  be  recognized  by 
the  corpuscles.  Serious  mistakes  have  been  made  by  persons  who 
have  been  deceived  by  finding  spores  which  they  regarded  as  blood- 
cells.  Three  instances  of  this  nature  have  occurred  in  this 
country  within  a  few  years.  Such  mistakes  are  not  necessary,  as 
it  is  always  possible  to  distinguish  blood-corpuscles.  It  may  be 
claimed  that  the  blood  is  that  of  a  fowl.  The  form  of  the  corpus- 
cles will  distinguish  them  from  those  of  mammalian  blood,  but  the 
corpuscles  of  cyclostomous  fishes  are  circular. 

In  the  second  form  of  the  question  it  becomes  necessary  to 
discriminate,  if  possible,  between  the  blood  of  different  mammals, 
especially  to  distinguish  human  blood  from  all  other  kinds.  Some 
say  this  is  possible,  others  that  it  is  not.  The  discrimination 
depends  upon  the  difference  in  size  of  the  corpuscles  and  our 
ability  to  take  cognizance  of  slight  differences  of  this  kind. 

The  speaker  then  discussed  in  an  interesting  manner  the  subject 
of  minute  measurements.  The  naked  eye  readily  divides  a  space 
of  yJxy  of  an  inch  into  four  parts.  The  oval  blood-disks  of 
Amphiuma  measure  -^j^  X  ^ijf  of  an  inch,  and  the  naked  eye 
readily  notices  the  oval  shape.  But  assuming  y^^  of  an  inch  as 
the  limit  of  measurement  with  the  naked  eye,  with  a  magnification 
of  ten  diameters  the  eye  could  measure  yjj  X  10  or  xtjVtt  o^  ^^ 
inch  with  the  same  ease,  or  TcyJiyxy  with  a  power  of  100  or  y^niWir 
with  a  magnification  of  1,000. 

In  measuring,  the  speaker  prefers  a  Jackson  eye-piece  microme- 
ter, and  with  this  he  finds  Yxftyif  of  an  inch  equivalent  to  20  spaces 
of  the  eye-piece  scale.  Each  space,  therefore,  represents  ^j^ixra 
of  an  inch,  and  since  a  trained  observer  can  readily  divide  the 
single  spaces  of  the  eye-piece  into  tenths,  it  is  possible  to  measure 
the7(n^ax7(x  of  an  inch,  and  by  further  magnification  this  limit  may 
be  reduced  to  stsj^w  of  an  inch. 

The  difference  in  size  of  blood  corpuscles  is  considerable ;  in 
the  elephant  they  measure  ^^^^  inch,  in  the  musk-deer  Ysrhfv 
Blood-cells  from  some  different  animals  have  the  same  size.  The 
corpuscles  of  human  blood  and  those  of  several  animals  have  prac- 
tically the  same  dimensions.  Those  of  the  opossum,  for  instance, 
are  about  identical  in  size.  Hence  the  microscope  does  not  enable 
us  to  distinguish  human  blood  in  every  case.  The  blood  of  the 
ox,  which  measures  ^jftj^  inch,  can  be  distinguished  from  human 
blood  by  the  difference  in  size.    It  has  been  observed  that  the 
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blood-cells  may  become  smaller  than  the  normal  size,  but  they 
never  increase  beyond  it. 

As  regards  the  examination  of  blood-stains,  it  has  been  found 
that  the  corpuscles  may  be  restored  to  their  normal  size  after  years 
of  desiccation  by  digestion  in  fluids.  The  abnormal  corpuscles 
are  not  likely  to  be  restored.  For  this  purpose  the  speaker  prefers 
pure  water  alone.  Some  years  ago  a  33  per  cent  solution  of 
potash  was  recommended.  Water  is  now  used,  and  the  results 
are  surprising. 

The  diameter  of  dogs'  blood-corpuscles  has  been  observed  to  be 
uniformly  73^1^7^  of  an  inch,  although  prominent  authorities  have 
maintained  that  there  was  no  difference  between  them  and  those 
of  human  blood. 

At  the  conclusion  of  the  address  the  Secretary  inquired  if  drying 
affected  the  size  of  the  cells,  as  had  been  asserted  by  some  writers. 
In  reply  the  speaker  said  he  had  never  found  any  appreciable  dif- 
ference between  the  cells  measured  in  the  serum  and  when  dried 
on  a  slide.  The  best  method  of  spreading  the  blood  on  a  slide 
for  mounting  was  that  of  Professor  Johnson.  A  drop  of  blood  is 
placed  on  a  slide  and  spread  by  drawing  over  it  the  edge  of  a  second 
slide  inclined.  The  smaller  corpuscles  to  be  observed  in  this  way 
are  abnormal  ones,  seldom  found  in  the  serum. 

In  response  to  a  question  by  Mr.  Hyatt,  it  was  said  the  size  of 
red  corpuscles  was  not  materially  changed  by  diseases. 

The  range  in  size  of  human  blood-cells  was  stated  to  be 
chiefly  from  tj^Vtt  *o  iriVir  of  an  inch. 
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Celloibine  as  ak  embeddinq  mass.    By  Prof.  William  Libbet, 
jr.,  College  of  New  Jersey,  Princeton,  N.  J. 

[ABBTRAOT.] 

Celloidine  is  a  pure  form  of  pyroxiline  manufactured  by  a  pat- 
ented process  in  Germany,  and  used  largely  in  photography  in  place 
of  collodion,  and  also  for  embedding  purposes  in  histology.  It  is 
prepared  by  dissolving  one  ounce  of  celloidine  in  ether,  noting  the 
quantity  of  ether  used,  and  when  dissolved  an  equal  quantity  of 
absolute  alcohol  is  added.  Two  solutions  are  needed,  one  very 
thin  and  the  other  thick. 

The  specimens,  after  being  properly  handled,  are  then  soaked 
in  absolute  alcohol  for  an  hour  or  two,  then  for  the  same  period 
in  strong  ether,  then  for  six  hours  in  the  thin  solution  and  for  the 
same  time  in  the  thick  solution. 

A  good  cork  must  also  be  soaked  in  some  absolute  alcohol,  and 
when  ready  to  embed,  this  cork  isr  taken  and  a  small  quantity  of  the 
thick  solution  placed  on  one  end  of  it  and  allowed  to  dry  until  it 
is  well  stiffened.  Then  the  specimen,  with  as  much  of  the  thick 
solution  as  will  adhere  to  it,  is  placed  on  this  and  allowed  to  dry 
partially,  when  another  coating  is  placed  over  the  specimen  from 
the  same  solution,  and  this  proceeding  ought  to  be  repeated  until 
the  specimen  has  a  sufficient  quantity  around  it  to  hold  it  firmly ; 
then  it  is  allowed  to  dry  and  when  stiff  is  placed  in  80  per  cent 
alcohol  for  12  hours  at  least  before  cutting. 

The  sections  are  best  cut  in  alcohol  and  preserved  in  it  until 
wanted.  They  can  be  stained  as  they  are  in  the  mass,  as  it  does 
not  stain  readily,  and  then  mounted,  but  they  must  be  cleared  up 
in  oil  of  cedar  or  origanum,  as  the  oil  of  cloves  usually  used  dis- 
solves the  mass. 

Where  it  is  important  to  keep  parts  of  the  section  in  their  rela- 
tive positions,  the  above  method  of  procedure  is  best,  but  where  it 
is  of  no  importance  the  mass  can  be  removed  perfectly  by  soaking 
first  in  absolute  alcohol,  then  in  ether  for  a  few  moments,  and  then 
putting  them  in  alcohol  again  or  in  a  mixture  of  equal  parts  of 
alcohol,  glycerin,  and  water  where  they  will  keep  indefinitely. 
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Methods  of  cultiyatino  uicro-orgakisms.  By  George  M. 
Steenbbrq,  M.  D.,  Major  and  Surgeon,  U.  S.  Army,  Balti- 
more, Md. 

[ABSTRACT.] 

That  branch  of  biological  research  which  relates  to  the  lowest 
and  smallest  of  living  organisms,  the  bacteria,  or  schizom3'cetes, 
is  second  in  importance  to  none  other,  either  from  a  purely  scientiGc 
or  from  a  practical  point  of  view  ;  for  these  lowly  plants,  in  their 
morphology,  growth,  and  reproduction,  present  to  us  the  simplest 
possible  conditions  for  the  study  of  fundamental  biological  prob- 
lems, and  they  offer  peculiar  advantages  for  the  prosecution  of 
experimental  researches  bearing  upon  these  problems,  b}"^  reason 
of  their  rapid  multiplication  and  the  facility  with  which  species 
may  be  isolated  and  ^'pure  cultures*'  maintained  through  many 
successive  generations. 

By  means  of  these  pure  cultures  we  are  enabled  to  study  the 
modifying  influences  of  environment  upon  form  or  function,  the 
influence  upon  growth  and  reproduction  of  various  chemical 
substances,  of  different  degrees  of  temperature,  etc. 

It  is  only  necessary  to  mention  the  brilliant  discoveries  of 
Paateur  and  of  Koch  relating  to  the  r6le  of  these  minute  plants 
in  various  processes  of  decomposition  and  in  the  etiology  of 
infectious  diseases,  in  order  to  call  attention  to  the  practical 
results  which  these  researches  promise. 

Without  doubt  the  very  great  accessions  to  our  knowledge  in 
this  direction  which  have  been  made  during  the  past  few  years  are 
largely  due  to  improvements  in  technique  relating  to  the  recogni- 
tion (by  staining  reagents,  special  modes  of  illumination,  etc.  ) 
and  cultivation  of  the  micro-organisms  in  question. 

In  a  paper  read  at  the  Cincinnati  meeting  of  this  Association, 
in  1881,  a  detailed  account  was  given  of  the  writer's  method  of 
conducting  culture  experiments.  Further  experience  has  fully  con- 
firmed my  conviction  that  the  method  referred  to  has  advantages 
over  all  others  for  cultivating  micro-organisms  in  fluid  media, 
and  my  object  at  present  is  to  give  a  practical  demonstration  by 
which  the  advantages  claimed  will  be  made  apparent,  rather  than 
to  add  anything  to  the  technical  account  of  my  mode  of  operating. 
At  the  same  time  I  shall  call  attention  to  the  invaluable  method 
of  surface  cultivation,  which  is  so  highly  recommended  by  Koch, 
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and  which  has  been  published  by  him  since  the  reading  of  my  paper 
above  referred  to. 

The  special  advantages  of  each  method  will  be  pointed  out,  not 
with  a  view  to  showing  that  one  is  superior  to  the  other,  but  in 
order  to  indicate  the  particular  cases  in  which  one  or  the  other  is 
preferable,  for  neither  can  entirely  take  the  place  of  the  other ; 
and  if  a  pure  culture  may  be  more  easily  maintained  in  an  hermet- 
ically sealed  flask,  it  is  unquestionably  true  that  the  method  of 
Koch  has  added  greatly  to  our  resources  for  the  isolation  and 
naked-eye  recognition  of  the  innumerable  species  of  bacteria  which 
surround  us  on  every  side,  which  infest  the  water  we  drink,  the 
air  we  breathe,  and,  as  harmless  parasites,  the  human  mouth  and 
intestine  in  countless  hosts  and  of  many  different  forms. 

It  is  only  by  resorting  to  some  method  by  which  we  are  able  to 
secure  and  maintain  ^'pure  cultures"  that  we  are  able  to  obtain  a 
precise  knowledge  of  this  extensive  microscopic  flora,  for  in  nature 
the  species  are  mingled  together  in  such  a  way  that  nothing  but 
confusion  and  uncertainty  can  come  from  the  attempt  to  establish 
species  upon  morphological  characters  alone. 

There  is  nothing  novel  in  the  form  or  construction  of  the  little 
flasks  which  are  used  in  the  method  which  I  recommend  to  you. 
They  have,  no  doubt,  been  used  occasionally  by  other  experiment- 
ers for  various  purposes  prior  to  my  calling  attention  to  their 
special  advantages  for  the  purpose  in  view.  These  advantages 
are  best  secured  by  making  the  flasks  of  moderate  size,  and  by 
drawing  out  the  neck  into  a  slender  capillary  tube,  so  that  the  mode 
of  manipulation  which  I  shall  demonstrate  becomes  practicable. 
The  method,  taken  as  a  whole,  is  original,  and,  so  far  as  I 
know,  had  not  been  practised  by  any  one  prior  to  the  publication 
of  my  paper  referred  to.  The  usual  method  has  been  to  use  open- 
mouthed  flasks  or  test-tubes,  into  which  a  sterilized  culture-fluid  is 
introduced,  and  from  which  atmospheric  germs  are  excluded  by  a 
sterilized  plug  of  cotton-wool.  In  skilful  hands  this  method  gives 
satisfactory  results,  but  it  requires  much  time^  and  care,  and  the 
most  experienced  manipulators  cannot  avoid  the  occasional  con- 
tamination of  a  culture,  or  the  ^'breaking  down"  of  a  stock  solution. 
Even  if  such  accidents  were  not  of  common  occurrence,  the  method 
I  recommend  would  be  preferable  on  the  score  of  economy  of  time 
and  material  and  of  ease  of  manipulation.  The  advantages 
claimed,  briefly  stated,  are  as  follows : — 
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The  small  flasks  employed  are  made  in  the  laboratory,  from 
glass  tubing,  very  expeditiously  and  at  small  expense. 

Each  flask  contains  a  sufficient  amount  of  nutrient  fluid  and  of 
oxygen  to  insure  a  vigorous  and  abundant  development  of  any 
aerobic  micro-organism  introduced  as  seed.  The  bacilli  readily 
form  spores  in  these  flasks. 

When  properly  sterilized,  the  enclosed  culture-medium  remains 
unchanged  indefinitely,  and  the  little  flasks,  ready  for  use  at  a 
moment's  notice,  may  be  packed  away  in  drawers  or  boxes  for 
years,  if  desired,  and  may  be  conveniently  transported  from 
place  to  place. 

The  inoculation  of  one  flask  with  micro-organisms  contained  in 
another,  or  with  a  drop  of  blood  from  the  veins  of  a  living  animal, 
etc.,  etc.,  is  effected  expeditiously  and  with  perfect  security  from 
contamination  by  atmospheric  germs. 

Small  amounts  of  fluid  may  at  any  time  be  withdrawn  from  one 
of  these  flasks  for  microscopic  examination,  without  the  slightest 
danger  of  introducing  foreign  organisms,  and  thus  destroying  the 
purity  of  the  culture. 

Finally,  these  little  flasks  take  the  place  of  a  syringe  when  an 
inoculation  experiment  is  to  be  performed,  the  contents,  being 
forced  beneath  the  skin,  or  into  one  of  the  cavities  of  a  living  an- 
imal, by  applying  gentle  heat  to  the  bulb,  thus  causing  the  en- 
closed air  to  expand,  and  forcing  the  fluid  contents  through  the 
capillary  neck  of  the  flask. 

The  method  having  been  described  in  detail  in  my  paper  al- 
ready referred  to  (see  report  A.  A.  A.  S.  for  1881)  my  principal 
object  at  present  is  to  give  a  practical  demonstration  of  its  advan- 
tages over  other  methods  of  cultivating  micro-organisms  in  fluid 
media. 

Reicarks  on  fluid  and  gelatinous  media  fob  cultivating  mi- 
cro-organisms, WITH  description  OF  Salmon's  nev^  oulturb- 

TUBB     AND     DEMONSTRATIONS    OF    THE     PROCESS   OF    USING  IT. 

By  Dr.  Theobald  Smith,  assistant  of  Dr.  Salmon  in  the 
laboratory  of  the  Bureau  of  Animal  Industry,  Department  of 
Agriculture.     (Read    by  Romtn    Hitchcock,    Washington, 

D.C.) 

[abstract.] 

Mitch  has  been  said  of  late  concerning  the  advantages  of   a 
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solid  substratum  over  a  liquid  medium  in  the  culture  of  the  Schiz- 
omycetes  or  so-called  bacteria.  This  is  no  doubt  due  to  its  very 
successful  employment  by  Dr.  Koch,  in  the  study  of  tuberculosis, 
and  more  recently,  of  cholera,  and  his  own  oft-repeated  state- 
ments as  to  its  superiority.  He  has,  however,  employed  liquid 
media  for  his  cultures  of  the  tubercle-bacillus,  and  is  now  study- 
ing the  comma-bacillus  in  a  decoction  of  meat.  In  fact,  he  says 
that  it  flourishes  best  in  fluids  which  do  not  contain  too  little  nu- 
trient  material.  {See  Deutsche  Med,  Wbchenschrift,  1884,  p.  503.) 

Many  bacteria  naturally  live  in  fluids,  such  as  the  blood  in  case 
of  disease,  in  stagnant  water,  etc.  The  life-history  of  such  forms 
can  never  be  traced  completely  without  resorting  to  liquid  cul- 
tures, approximating  in  chemical  properties  the  natural  medium 
of  the  microphytes.  Thus,  the  swarming  stage  of  bacteria  can 
only  assert  itself  in  a  fluid,  and  the  peculiarity  of  many  species  to 
collect  in  the  form  of  a  membrane  on  the  surface  of  liquids,  at  a 
certain  period  of  their  lives,  can  express  itself  only  very  indirectly 
or  not  at  all  upon  a  layer  of  gelatin  or  blood  serum. 

Though  we  must  regard  as  an  excellent  addition  in  the  study  of 
bacteria  the  more  rigorous  technique  of  the  present  method  of  solid 
substrata,,  especially  in  its  application  to  the  isolation  of  different 
forms,  it  can  never  supplant  liquid  cultures,  and  therefore  any 
apparatus  which  will  materially  simplify  the  laborious  and  minute 
technique,  and  reduce  to  a  minimum  the  sources  of  error  connected 
with  the  study  of  microscopic  fungi  in  liquid  media  must  be  hailed 
as  an  important  and  lasting  step  in  advance.  The  culture-tube, 
devised  by|Dr.  D.  E.  Salmon,  has  certainly  proved  to  be  such. 
Though  in  constant  use  for  over  a  year  in  his  laboratory.  Dr. 
Salmon  has  not  yet  found  the  opportunity  of  publishing  an  ac- 
count of  it,  and  owing  to  the  pressure  of  official  duties,  his  ap- 
pearance at  this  meeting  is  impossible.  I  shall,  therefore,  take 
the  liberty  of  pointing  out,  in  the  briefest  manner,  the  construc- 
tion and  use  of  the  culture-tube,  with  the  hope  that  he  will  pre- 
sent a  more  extended  description  at  a  later  date. 

The  culture-tube  consists  of  a  test-tube-like  body  or  reservoir, 
of  rather  heavy  glass,  about  4  to  5  inches  in  length  and  three- 
fourths  of  an  inch  in  internal  diameter.  Over  the  top  of  this 
reservoir  a  second  hollow  piece  is  fitted,  which  might  be  called  a 
cap.  Its  internal  surface  is  ground  to  fit  snugly  over  the  ground 
external  surface  of  the  upper  end  of  the  reservoir,  thus  forming 
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a  ground-joint  union.  This  cap,  about  2^  inches  long,  abruptly 
contracts  near  its  middle  into  a  narrow  tube  with  an  internal  di- 
ameter of  about  f  of  an  inch.  The  third  piece,  which  might  be 
called  the  ventilating  tube,  is  shaped  like  an  inverted  U,  one  limb 
being  about  3  inches  long,  and  1^  inches  longer  than  the  limb 
which  fits  by  means  of  a  ground  joint  over  the  narrow  tube  of 
the  cap.  The  longer,  free  limb  of  the  ventilating  tube  lodges  a 
plug  of  glass-wool  from  1  j-  to  2  inches  long.  The  limbs  of  the 
ventilating-tube  are>  about  one  inch  apart. 

The  culture-liquid  is  introduced  by  removing  the  cap,  which 
brings  with  it  the  ventilating  tube,  and  it  is  sterilized  in  the  tube. 
The  liquid  is  inoculated  by  removing  the  ventilating-tube  only. 
To  prevent  the  ground  joints  from  sticking  too  firmly,  a  little  sub- 
limated vaseline  is  introduced  between  the  surfaces  of  the  joint. 

The  pipette,  used  to  introduce  a  drop  of  fiuid  containing  bacte- 
ria, consists  of  an  ordinary  glass  tube  about  ^  of  an  inch  in  di- 
ameter and  2  to  3  inches  long,  one  end  of  which  is  drawn  out  into 
a  very  fine,  almost  a  capillary  tube,  which  must  be  long  enough  to 
easily  reach  the  bottom  of  the  reservoir  when  introduced  through 
the  narrow  tube  of  the  cap.  A  plug  of  glass-wool  occupies  the 
other  end,  which  is  closed  by  a  rubber  bulb. 

The  method  of  inoculating  the  culture-liquid  is  briefly  as  fol- 
lows : — 

The  pipette  is  first  thoroughly  sterilized  by  fiaming  every  por- 
tion of  it  from  the  tip  of  the  capillary  tube,  to  near  the  rubber  bulb, 
until  the  contained  air  is  subjected  to  a  temperature  of  at  least  150^ 
C.  We  usually  bring  it  to  a  dull  red  heat,  avoiding  the  contin- 
gency of  melting  the  capillary  tube.  It  is  hung  with  the  rubber 
bulb  up  to  avoid  its  capillary  portion  coming  in  contact  with  any- 
thing while  cooling.  When  sufficiently  cool,  the  capillary  portion 
is  again  drawn  once  or  twice  through  the  fiame  to  destroy  any 
particles  that  may  have  become  attached  meanwhile.  The  venti- 
lator of  the  culture  tube,  containing  the  bacteria  to  be  sown,  is 
flamed  and  removed  and  the  narrow  tube  of  the  cap  flamed,  the 
rubber  bulb  slightly  compressed,  and  the  pipette  introduced,  a  few 
drops  drawn  up,  the  pipette  slowly  withdrawn,  the  cap  flamed 
again,  and  the  ventilator  replaced.  The  cap  of  the  fresh  tube  is 
now  flamed  before  and  after  removing  the  ventilator,  the  pipette 
introduced,  a  drop  allowed  to  fall  into  the  culture  liquid,  the  pip- 
ette removed,  the  narrow  tube  of  the  cap  again  flamed,  and  the 


ventilator  replaced.  This  is  the  procedure  of  obtaining  a  pure 
culture  from  one  preceding.  When  the  source  of  the  bacteria  is 
an  exudate,  or  a  fluid  of  the  animal  body,  various  methods  are 
in  use.  The  method  above  given  may,  however,  be  employed  in 
most  cases. 

The  success  of  the  work  depends  as  much  upon  the  worker  as 
upon  the  materials  employed.  A  bungling  manipulation  may 
cause  failure  with  the  best  method.  The  personal  equation  in 
this,  as  in  many  other  fields  of  research,  is  necessarily  an  impor- 
tant factor.  Many  minute  details,  which  may  seem  too  trivial  to  be 
mentioned,  are  slowly  acquired,  and  gradually  help  to  increase 
the  percentage  of  absolute  success. 

It  is  evident  that  the  reservoir  may  be  variously  modified.  A 
flask-shaped  body  may  be  used  for  cultures  that  require  an  abun- 
dance of  air,  but  the  test-tube  form  will  serve  nearly  all  purposes. 
It  enables  the  nature  of  the  opacity  in  the  liquid  to  be  readily  de- 
termined, while  the  earliest  traces  of  a  membrane  or  a  deposit 
are  more  easily  detected  than  with  a  broad  body  and  a  flat  bot- 
tom. The  microscopic  appearance  of  these  features,  in  case  of 
many  forms,  will  enable  the  experienced  observer  to  foretell 
whether  the  culture  is  pure  or  contaminated. 

The  culture-tube,  then,  recommends  itself  as  a  simple,  very 
neat  apparatus,  readily  filled,  sterilized  and  inoculated.  It  dis- 
penses with  the  troublesome  and  dangerous  expedients  of  disturb- 
ing cotton  plugs,  and  of  tying  down  various  air-filtering  materials. 
It  is  easily  cleaned,  and  hence  may  be  used  over  and  over  again, 
the  original  cost  of  the  tube  being  in  this  way  reduced  to  min- 
imum in  the  end.  It  does  not  break  readily,  nor  are  there  any 
sharp  or  jagged  edges  to  be  feared  in  the  manipulation  of  danger- 
ous cultures.  It  is  very  compact,  and  occupies  but  very  little 
space  in  a  thermostat.  Finally,  the  chances  of  contamination 
through  the  air  during  the  process  of  inoculation  are  practically 
of  no  account.  We  have  not  yet  seen  an  impure  culture  derived 
from  a  preceding  pure  culture,  during  the  period  of  our  experi- 
ence with  these  tubes.  It  is  becoming  more  and  more  the  convic- 
tion of  careful  investigators —  and  Brefeld,  in  describing  his 
method,  emphasizes  it — that  in  a  room  where  dust  is  carefully 
managed  a  short  exposure  to  the  air  is  not  dangerous.  The 
utensils  used,  upon  which  particles  are  continually  being  depos- 
ited, unless  thoroughly  sterilized,  are  the  chief  carriers  of  a  mis- 
cellaneous contamination. 
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Histology   op  Lingula.    By  H.  G.  Bbter,  Sargeon  U.  S.  A., 
Washington,  D.  C. 

[ABSTRACT.] 

It  was  only  after  considerable  hesitation  that  I  finally  con- 
cluded, in  a  conversation  with  our  esteemed  secretary,  Mr.  Hitch- 
cock, a  few  days  ago,  to  venture  making  a  few  remarks  on  this 
subject,  the  pressure  of  my  legitimate  duties  as  naval  medical  offi- 
cer having  frequently  interrupted  my  studies,  and  prevented  me 
from  presenting  a  more  complete  account,  at  least  at  present.  I 
will,  therefore,  confine  my  remarks  on  those  most  interesting  little 
organs  called  hearts,  oviducts,  and  also  segmental  organs. 
These  organs  have  attracted  no  little  attention  and  interest  on 
the  part  of  the  most  distinguished  anatomists  ever  since  the  time 
they  first  turned  their  attention  to  the  study  of  the  anatomy  of 
the  brachiopods  in  general. 

Before  the  time  when  Hancock  wrote  his  classical  essay  on  the 
organization  of  the  brachiopod  in  the  PhU.  Trans,  of  1858,  these 
organs  had  been  described  as  hearts.  Mr.  Hancock,  in  the  ar- 
ticle referred  to,  says :  '^Four  years  ago  I  had  occasion  to  dissect 
Woldheimia  australis,  TerebratiUina  caput-aerpentus^  and  lAngula 
anotina^  and  was  then  struck  with  the  peculiar  appearance  of  the 
organs  denominated  hearts  by  Baron  Cnvier  and  Professor 
Owen,  all  subsequent  writers  on  the  subject." 

'^These  so-called  hearts  seemed  to  me  very  unlike  any  molluscan 
heart  that  had  ever  come  under  my  observation,  and  on  attentive 
examination  it  became  evident  that  they  give  off  no  arteries,  as 
they  have  been  described  to  do ;  and,  moreover,  that  their  apices, 
from  which  the  arteries  were  stated  to  pass  off,  appeared  to  open 
externally.  For  these  and  other  reasons  I  was  inclined  to  dis- 
believe in  their  cardiac  nature,  and  to  regard  them  rather  as 
oviducts." 

Hancock  also  discovered  the  true  hearts,  situated  above  the 
stomach,  and  two  secondary  pulsatile  vesicles,  situated  somewhat 
posteriorly  to  the  true  heart. 

These  hearts,  oviducts,  or  segmental  organs  (as  they  were  called 
by  Prof.  £.  S.  Morse,  who  compared  them  to  the  segmental  organs 
of  annelids)  are  generally  described  as  having  two  openings — one 
a  small  one  externally,  and  another,  large  and  funnel-shaped, 
opening  in  the  perivisceral  cavity. 

I  have  brought  with  me  a  series  of  sections,  by  means  of  which 
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I  hope  to  show  you  that  although  the  opening  to  the  exterior  is 
very  clear  and  manifest,  the  internal  opening  is  not  of  so  simple 
a  nature  as  has  hitherto  been  described.  I  find  that  the  internal 
end  is  in  very  close  relation  and  probable  direct  communication 
with  the  interior  of  a  convoluted  tubule  or  glandular  sort  of  ves- 
icle. These  vesicles,  two  in  number,  are  found  on  the  looped  por- 
tion  of  the  alimentary  canal,  and  so  far  as  I  am  aware,  and  from 
what  I  have  been  able  to  gather  from  some  of  the  plates  ac- 
companying the  article  by  Mr.  Albany  Hancock,  above  referred 
to,  correspond  somewhat  in  situation  to  his  pulsatile,  secondary 
vesicles.  On  closer  examination  a  communication  was  found  to 
exist  between  these  pulsatile  vesicles  and  one  of  the  diverticula  of 
the  alimentary  canal,  so  that  we  have  here  an  indirect  communi- 
cation between  these  oviducts  and  the  lower  portion  of  the  alimen- 
tary canal.  Until  further  and  more  extensive  studies  shall  have 
been  made  on  other  brachiopods  I  shall  abstain  from  entering 
into  a  discussion  on  the  morphological  significance  of  these  find- 
ings. The  specimens  which  I  have  brought  with  me  to-day  will,  I 
hope,  be  sufiiciently  convincing,  at  least  so  far  as  Lingula  is  con- 
cerned. I  shall  present  a  more  detailed  account  of  the  histology 
of  Lingula  at  some  future  not  very  distant  day.  To-day  I  am 
obliged  to  limit  myself  to  this  brief  and  fragmentary  account.^ 


Upon    a  microscopical    method  of    studying   the    amphibian 
BRAIN.    By  Dr.  Henry  F.  Osborn,  Princeton,  N.  J. 

[AB8TBACT.1 

The  brain  is  hardened  in  bichromate  of  potash  (MiJller's  fluid) 
the  ventricles  being  fully  injected.  After  the  usual  alcohol  treat- 
ment, the  brain  is  placed  for  one  week  in  alum  carmine  solution ; 
then  for  24  hours  in  acetic  acid. 

The  embedding  mass  is  prepared  by  thoroughly  shaking  the 
contents  of  an  egg  with  three  drops  of  glycerine  added.  After 
soaking  in  this  mass  the  brain  is  placed  in  position,  and  hardened 

>  since  this  was  written,  ftirther  Btudies  on  the  subject  haye  convinced  me  of  the  fact 
that  the  abore  described  condition  was  a  pathological  rather  than  a  normal  one* 

A.  A.  A.  8.,  VOL.  XXXEU.  ^ 
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in  the  vapor  of  boiling  alcohol  spirit,  80  per  cent.  The  mass  is 
then  placed  for  one  week  in  absolute  alcohol. 

The  cutting  is  done  with  Jung's  microtome ;  50  or  60  sections 
collecting  on  the  razor  in  alcohol  are  then  floated  at  once,  in  or- 
der, upon  the  slide.  To  keep  them  in  place  they  are  covered 
with  thin  blotting-paper  during  alcohol  and  oil  of  cloves  treat- 
ment. This  is  removed  and  the  sections  are  mounted  in  the  usual 
way. 

The  section  glasses,  and  the  sections  showing  particular  struc- 
tures, are  then  indexed. 


An  immersion-apparatus  for  the  determination  of  the  tem- 
perature OF  THE  ORrriCAL  POINT  IN    THE   FLUID  CAVITIES  OF 

MINERALS.    By  Dr.  Alexis  A.    Julien,  Columbia  College, 

New  York. 

[abstract.] 

In  a  former  paper,  read  before  the  American  Chemical  Society, 
and  published  in  vol.  ill  of  its  Journal,  I  have  discussed  the  sub- 
ject of  the  examination  of  carbon  dioxide  in  the  fluid  cavities  of 
the  white  topaz  of  Minas  Geraes,  Brazil,  and  took  occasion  to 
sum  up  the  known  occurrences  of  carbon  dioxide  in  fluid  enclos- 
ures of  the  rocks  and  veinstones  of  this  country,  so  far  as  de- 
tected up  to  that  time.  The  substance  has  been  unfamiliar  even 
to  many  chemists,  and  its  occurrence  in  nature  was  considered 
rare,  even  by  most  geologists ;  but  nineteen  localities  on  this  con- 
tinent were  then  referred  to,  as  determined  by  Messrs.  G.  W. 
Hawes,  F.  Zirkel,  A.  Wichmann,  R.  D.  Irving,  A.  W.  Wright, 
and,  in  four  localities,  by  myself. 

Reference  was  made  to  the  various  forms  of  stage-heating  appa- 
ratus employed  by  observers  to  produce,  in  one  of  these  minute 
cavities  of  a  mineral,  while  under  observation  through  the  micro- 
scope, the  rapid  and  extensive  dilatation  of  the  enclosed  floating 
bubble  or  sudden  vaporization  of  the  liquid,  by  which  the  identifi- 
cation of  carbon  dioxide  is  easily  effected,  and  to  determine  ac- 
curately the  temperature  at  which  this  action  takes  place.  This 
temperature  may  be  very  low,  such  as  produced  by  the  radiation 
of  a  burning  cigar  or  of  a  warm  metal  rod,  a  jet  of  hot  air  or  of 
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the  warm  breath  conveyed  through  a  rubber  tube,  or  even  of  the 
tip  of  one's  finger  (32°  C.)  applied  to  the  bottom  of  a  thin  slide, 
while  resting  upon  the  stage  of  the  microscope,  if  the  mineral 
section  is  also  very  thin.  But  the  exact  determination  of  the 
temperature  at  which  the  bubble  or  liquid  disappears  requires  a 
special  apparatus,  of  which  several  forms  liave  been  devised,  which 
may  be  thus  classed  according  to  the  thermal  agency  employed  : — 

1.  A  continuous  current  of  hot  air,  conveyed  horizontally 
through  a  metal  chimney  beneath  the  thin  section  and  the  adjacent 
bulb  of  a  thermometer ;  as  in  the  several  devices  of  Nachet,  Beale, 
and  Fuess. 

2.  A  similar  current  of  hot  water  conveyed  between  the  stage 
and  the  slide  and  thermometer,  through  a  metal  conduit  from  a 
small  adjacent  tank  or  boiler ;  as  in  the  apparatus  of  Polallion, 
Ranvier,  etc. 

3.  A  conveyance  of  heat  to  the  thin  section  and  thermometer 
by  conduction  through  a  metal  plate,  preferably  brass  or  copper, 
projecting  beyond  the  stage  over  the  flames  of  the  tapers ;  as  ar- 
ranged in  the  forms  proposed  by  Chevalier,  Dujardin,  Ransom, 
and  Schultze.  (See  Frey,  "The  Microscope.") 

4.  The  conduction  of  heat  derived  from  a  galvanic  current 
under  the  control  of  a  rheostat,  through  a  fine  platinum  wire  bent 
back  and  forth  over  a  ring-shaped  thermometer  bulb,  upon  which 
the  slide  is  supported.  This  is  the  apparatus  proposed  by  Vogel- 
sang, fully  described  in  most  works  on  general  lithology,  as  those 
of  Zirkel,  Rosenbusch,  and  Lasaulx,  and  even  yet  in  common  use. 

The  objection  to  all  these  forms  of  apparatus  lies  in  their  ir- 
regular application  of  heat,  and  its  irregular  and  indefinite  loss 
from  currents  in  the  surrounding  atmosphere,  and  from  the  re- 
frigerating eflfect  of  the  mass  of  metal  in  the  stage,  and  also  in  the 
microscope  objective,  in  an  amount  proportionate  to  its  close  ap- 
proximation, t.  e.,  to  its  focal  distance  or  high  power.  Even  in 
the  most  pretentious  apparatus,  that  of  Vogelsang,  its  inventor 
admits  a  variation  or  error  of  10°  C,  according  to  the  objective 
employed ;  from  a  No.  4  Hartnack  of  3  mm.  focal  distance  to  a 
No.  9  of  0.1  mm. 

Vogelsang  suggested  the  reduction  of  observations  made  by 
means  of  high-power  objectives  to  the  standard  of  the  No.  4,  and 
even  was  forced  to  make  a  plus  correction  of  one  degree  (Centi- 
grade) for  observations  in  which  the  temperature  of  the  air  of  the 
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room  and  of  the  microscope  fell  below  his  normal  (20®  C.)  as  far 
as  12°  to  15".  Practically,  in  use  these  observations  are  conse- 
quently made  almost  altogetlier  on  large  cavities  and  under  low- 
power  objectives,  and  an  accuracy  to  one  degree  Centigrade  has 
been  accepted  as  satisfactory.  Although  wide  discrepancies  have 
constantly  occurred,  even  in  determination  on  the  fluid  cavities  in 
the  same  slice  of  mineral,  by  means  of  these  devices,  on  the  other 
band  some  of  the  most  delicate  and  important  investigations, 
such  as  those  of  Sorby  and  King  on  the  indication  of  the  degrees 
of  pressure  to  which  certain  granytes  have  been  subjected  during 
folding  and  metamorphism,  have  rested  largely  upon  the  accuracy 
of  determinations  of  this  very  kind.  In  my  previous  paper  I  have 
described  two  forms  of  apparatus,  founded  on  the  plan  of  immer- 
sion of  both  the  objective  and  the  thin  section  under  examination 
in  baths,  which  may  be  warmed  sufficiently  by  the  direct  applica- 
tion of  the  flame  of  a  taper,  or  by  conduction  through  a  copper 
plate,  or  by  the  slow  addition  of  water  of  a  different  temperature, 
or,  in  a  warm  room,  by  a  current  of  the  observer's  breath.  All 
interference  with  the  investigation,  either  by  warm  or  cool  atmos- 
pheric currents,  or  by  radiation  into  or  from  adjacent  metal,  is 
eliminated  by  this  plan.  I  afterwards  found  that  the  suggestion  of 
the  idea  of  immersion  of  the  thin  section  alone  had  already  oc- 
curred to  Brewster,  Vogelsang,  Sorby  and  Hartley,  who  had  in 
occasional  single  investigations  simply  immersed  the  mineral  in 
heated  water  or  glycerin,  stirring  up  the  liquid  with  a  thermometer. 
The  range  of  error,  found  in  this  partial  application  of  the  idea, 
Amounted  to  IS''  C,  even  with  low-power  objectives ;  the  process 
was  found  tedious  and  slow,  and  Vogelsang  preferred  the  use  of 
his  galvanic  apparatus. 

In  place  of  the  two  forms  of  apparatus  described  in  my  former 
paper,  I  now  present  a  more  finished  arrangement,  consisting  of 
a  thin-walled  box  heated  by  con<luction  from  a  taper  through  the 
copper  plate  which  forms  its  bottom  and  projects  beyond  the 
stage.  The  thermouieter,  made  to  order  by  the  well  known  in- 
strument maker  to  the  Smithsonian, — Mr.  Henry  Green,  of  New 
York — has  a  scale  ranging  little  beyond  22-45°  C,  each  degree  on 
the  scale  being  two  cms.  in  length  and  divided  into  tenths.  The 
bore  and  length  of  the  tube  are  so  arranged  as  to  bring  that  part 
of  the  scale  near  30°  C.  on  a  level  with  the  eye,  while  stationed  at 
the  eye-piece,  to  facilitate  an  instantaneous  observation,  by  a 
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glance,  of  the  height  of  the  mercurial  col 
without  a  removal  or  even  movement  of  tli 
fore  that  not  only  the  high-power  immersi 
the  ■j'g  of  Spencer  or  ^  of  Powell  and  Leal  an 
way,  but  that  apparently  any  low-power  c 
have  their  fittings  water-tight,  and  can  be 
mersed  in  the  bath,  only  occasionally  with 
tion  or  brightness,  sometimes  with  a  de 
both  qualities,  and  with  a  complete  dispens 
for  repeated  refocussing  otherwise  required 
the  critical  point  in  the  fluid,  checked  by  be 
disappearance  and  reappearance  of  the  bii 
fected  in  most  cases  within  ten  minutes,  i 
at  least  one-twentieth  of  a  degree  Centigi 
ther  particulars  and  precautions,  I  need  t 
paper. 


On  some  points  in  microtomy.    By  John 
gist  to  the  U.  S.  Fish  Commission,  Wi 

[ABSTRACT.] 

The  attention  of  investigators  has  bee 
with  this  subject  within  a  very  recent  peri 
that  a  new  art  has  been  developed  which  v 

In  working  with  vertebrate  materials, 
should  be  done  in  such  a  way  as  not  to  dist 
bryos,  in  order  that  the  knife  and  mlcroto 
as  to  cut  in  any  desired  plane  wilh  accu 
must  be  as  homogeneous  as  possible ;  for  t 
the  object  with  paraffin  has  been  found  t 
evenly  thin  sections  may  be  produced.  Tl 
Plateau,  Calbela,  Duval,  all  serve  this  p 
tive  values  are  probably  expressed  in  abc 
they  stand.  Staining  is  best  accomplished 
by  dyeing  the  object  as  a  whole ;  this  saves 
in  a  number  of  ways.  Mounting  should 
with  the  ribbon  method  ;  where  hard  paraf 
are  rapidly  and  easily  laid  on  the  slide  wit 
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if  the  fixing  is  done  with  a  compound  of  clove  oil,  three  volumes, 
and  collodion,  one  volume,  which  is  thinl}^  painted  on  the  slide,  and 
on  which  the  sections  are  carefully  laid,  when  the  slide  may  be 
gently  warmed  for  a  minute ;  this  melts  the  paraffin  in  the  sections, 
the  clove  oil  is  driven  off,  aud  the  sections  fixed  by  the  collodion, 
when  a  few  drops  of  turpentine  will  immeiliately  dissolve  and  re- 
move the  included  and  adherent  paraffin,  when  the  mounting  may 
be  done  under  an  oblong  cover  in  balsam. 

These  methods  enable  the  student  to  interpret  the  structure 
of  an  organic  body  in  three  dimensions,  and  so  great  an  accuracy 
of  preparation  is  thus  attainable  that  enlarged  models  are  easily 
made  from  superimposed  card  or  wax  plates  joined  together  and 
cut  from  outlines  drawn  by  the  help  of  the  camera-lucida  from 
the  successive  sections  enlarged  to  a  common  scale ;  or  it  is  even 
|)ossible  in  the  same  manner  to  construct  stereograms  by  drawing 
camera  outlines  one  upon  the  other,  for  the  reason  that  if  the 
sections  are  properly  prepared,  every  part  will  be  in  its  proper 
place  and  the  final  result  will  be  accurate.  In  this  way  I  have 
built  up  views  of  embryo  fish  crania  in  perspective  from  one  side ; 
that  is  to  say  cartilaginous  crania,  which  it  would  be  utterly  im- 
possible to  clean  on  account  of  their  small  size,  so  as  to  make  an 
entirely  serviceable  preparation,  because  ordinary  methods  of 
preparing  would  inevitably  shove  important  parts  out  of  place 
and  render  the  object  unreliable  for  the  purpose  of  illustration. 
9 


Recent  studies  on  the  theory  of  the  microscope  and  their 
practical  results  as  regards  the  use  of  the  micro- 
scope in  scientific  investigations.  by  romtn  hitchcock, 
Washington,  D.  C. 

[ABSTRACT.] 

Probably  every  observer  of  experience  has  a  more  or  less 
clear  recollection  of  the  long  and  bitterly  fought  battle  raged 
among  microscopists,  not  many  years  ago,  about  angular  aper- 
ture. There  were  advocates  of  wide  or  high  angles,  who  be- 
lieved the  value  of  an  objective  increased  for  all  purposes  as  the 
angular  aperture  was  increased,  independently  of  other  consider 
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ations,  and  this  view  was  advocated  with  all  the  steadfastness  and 
vigor  of  such  faith  as  would  move  mountains,  bad  it  been  prop- 
erly directed  to  that  end.  On  the  other  hand,  there  was  a  more 
conservative  but  none  the  less  vigorous  party  totally  opposed  to 
these  views.  The  bitterness  with  which  this  controversy  was 
carried  on  at  times,  year  after  year,  is  a  blot  upon  the  literature  of 
the  subject.  But  the  differences  of  opinion  arose,  partly  no  doubt 
from  stubbornness  and  erroneous  observation,  but  mainly  from 
want  of  knowledge  concerning  the  subject.  There  was  no  recog- 
nition of  a  standard  by  which  the  value  of  an  objective  could  be 
determined.  It  was  a  controvers}^  in  fact,  between  those  who  be- 
lieved in  tests  by  resolving  fine  markings  on  diatoms,  etc.,  and 
those  who  believed  in  clear  definition  of  such  objects  as  the  po- 
dura  scale.  To  be  sure,  other  elements  entered  into  the  contro- 
versy, as,  for  instance,  the  question  of  the  proper  measurement 
of  the  angle  of  aperture,  but  the  great  question  of  interest  to 
workers  with  the  microscope  was,  What  is  the  best  objective  for 
use — a  wide  or  medium  angle? 

At  the  present  time  this  question  can  be  answered ;  but  a  few 
years  ago  it  was  a  matter  of  opinion.  The  theory  of  the  micro- 
scope then  generally  adcepted  was  erroneous.  The  functions  of 
angular  aperture  were  in  theory  entirely  misunderstood. 

Let  us  endeavor  to  understand  the  subject  in  the  light  of  recent 
investigations,  for  which  we  are  mainly  indebted  to  Prof.  Dr.  E. 
Abbe,  of  Jena,  who  has  established  a  theory  of  the  microscope, 
based  upon  experimental  and  mathematical  investigations,  which, 
in  its  essential  features,  if  not  throughout,  seems  as  firmly  estab- 
lished as  any  theory  in  optical  science. 

When  an  object  mai*ked  with  fine  striae,  such  as  a  diatom-shell,  for 
example,  or  a  glass  plate  ruled  with  lines  and  having  the  mark- 
ings separated  by  spaces  as  minute  as  the  wave-length  of  light, 
is  illuminated  in  the  ordinary  way  under  the  microscope,  it  is  ob- 
vious that  the  light  will  be  decomposed  and  a  diffraction  spectrum 
formed,  precisely  as  in  the  case  of  Professor  Rowland's  beautifully 
ruled  plates.  Considering  any  single  ray  from  the  mirror,  when  it 
reaches  such  an  object  it  will  be  turned  from  its  direct  course  and 
pass  off  at  an  angle,  forming  a  microscopic  diffraction  spectrum. 
This  spectrum  may  be  seen  and  examined  in  a  manner  to  be  de- 
scribed further  on.  First  I  must  ask  you  to  recall  some  old 
experiments  given  in  text-books  on  physics.    I  refer  to  the  inter- 
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ference  bands  of  difltaction  spectra.  You  will  remember  how  the 
waves  of  light,  when  their  vibrations  come  together  in  a  certain 
manner,  interfere  with  each  other  and  produce  lines  of  darkness 
due  to  overlapping  spectra.  I  cannot  go  fhrther  into  this  sub- 
ject here.  The  principle  has  been  brought  before  you,  and  that  is 
sufficient  for  the  purpose  in  view.  It  must  be  clear  to  any  one 
that  if  the  light  is  thus  turned  from  its  course  and  decomposed, 
it  cannot  go  on  to  form  an  image  in  the  microscope  as  it  was  sup- 
posed to  do  according  to  the  old  theory  of  the  microscope.  It 
was  then  supposed  that  the  microscope  formed  an  image  precisely 
as  figured  in  works  on  physics  in  use  at  the  pi*esent  day,  and  in 
the  same  mannner  as  the  telescope.  Large  objects,  and  outlines 
of  objects  generally,  are  imaged  in  this  way ;  but  obviously  this  can- 
not be  true  of  the  fine  markings,  closer  than  a  wave-length  of  light. 

Let  US  see  what  becomes  of  the  diffracted  ra3's  forming  the 
spectrum.  Place  a  dry  mounted  specimen  of  Pleurosigma  foT' 
mosum  under  a  microscope  and  examine  it  with  a  half-inch  objec- 
tive. When  the  markings  are  distinctly  seen,  remove  the  ocular 
and  look  down  the  tube  of  the  microscope.  There  will  be  seen 
the  diffraction  spectra,  just  above  the  objective.  Then  put  on  the 
ocular  and  with  a  hand-lens  examine  the  light  which  issues  from 
it  in  the  same  way  ;  there  the  same  spectra  will  be  found  again.  I 
will  not  attempt  to  explain  how  it  is  that  these  spectra  are  so 
combined  in  the  image  we  see  to  produce  the  appearance  of  lines 
or  dots  as  the  case  may  be.  The  subject  is  too  intricate  to  be 
easily  understood  ;  but  the  fact  must  be  taken  upon  the  authority 
of  Professor  Abbe  and  others,  that  the  power  of  a  microscope  to 
define  or  resolve  minute  markings  is  absolutely  dependent  upon 
its  capability  of  gathering  in,  and  properly  disposing  of  the  spec- 
tra produced  by  the  object. 

We  now  come  to  the  consideration  of  angular  aperture.  The 
cone  of  rays  radiating  from  the  focal  point  of  the  objective  to  the 
periphery  of  the  front  lens  is  the  angular  aperture — the  angle  of 
light  it  will  receive.  Suppose  an  object  to  produce  a  diffraction 
spectrum  just  beyond  the  range  of  a  certain  objective  working  in 
air.  Interpose  a  refractive  medium  like  glycerine  or  water  be- 
tween the  object  and  the  front  lens.  The  rays  which  before  were 
beyond  the  range  of  the  objective  are  now  brought,  by^  refraction, 
to  a  smaller  angular  deviation,  the  spectrum  is  taken  up  by  the 
objective  and  the  markings  ai*e  resolved.     We  can  thus  under- 
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stand  the  action  and  the  advantages  of  immersion  objectives. 
It  has  long  been  an  axiom  with  microscopists  that  resolution  of 
fine  lines  is  dependent  upon  angular  aperture ;  but  in  this  case  the 
immersion  medium  has  materially  lessened  the  angular  aperture, 
while  the  resolving  power  of  the  lens  is  increased.  Nevertheless, 
the  angular  a[)erture  has  been  shown,  under  the  conditions  pre- 
viously mentioned,  to  determine  the  resolving  power.  The  appar- 
ent discrepancy  here  is  easily  explained,  although  it  has  caused 
interminable  confusion  in  the  past.  The  explanation  in  brief  is 
this :  angular  apertures  can  only  be  compared  under  the  same 
conditions.  Thus  angular  apertures  of  objectives  working  dry, 
or  objectives  working  in  the  same  immersion  fluid,  can  be  com- 
pared among  themselves,  but  those  of  one  class  cannot  be  com- 
pared with  those  of  the  other  class.  Thus  a  dry  objective  of  157^ 
will  resolve  no  more  than  one  having  an  immersion  angle  in 
water  of  94**,  or  in  oil  of  80*. 

It  will  be  seen  that  such  comparisons  are  apt  to  be  very  con- 
fusing, and  for  this  reason  the  term  angular  aperture  might  better 
be  entirely  discarded.  A  perfectly  satisfactory  method  of  desig- 
nating the  resolving  power  of  an  objective  has  been  adopted  by 
microscopists  on  the  recommendation  of  Professor  Abbe.  It  is 
by  determining  the  ^'numerical  aperture."  In  highly  refractive 
media,  the  undulations  of  light  become  much  shorter  than  in  air, 
and  as  the  capabilities  of  the  microscope  are  dependent  upon  the 
wave-lengths,  it  is  obvious  that  dense  media  for  mounting  add  to 
the  resolving  power.  Moreover,  the  visibility  of  an  object  is  af- 
fected by  the  relation  between  the  refractive  indices  of  the  object 
and  the  mounting  medium.  The  more  these  differ  the  more  vis- 
ible the  object  will  be.  But  time  would  not  permit,  even  if  it 
were  desirable,  a  longer  discussion  of  the  optical  action  of  mount- 
ing media  of  different  refractive  powers.  Suffice  it  to  say  that 
Professor  Abbe  has  shown,  both  by  experiment  and  calculation, 
that  the  true  aperture,  distinguished  when  desirable  as  the  nu- 
merical aperture  of  a  microscope  objective,  which  is  the  capacity 
of  the  objective  to  receive  rays  from  an  object  to  form  an  image, 
is  the  ratio  between  the  focal  length  and  the  diameter  of  the  back 
lens  of  an  objective.  This  ratio  will  depend  upon  the  refractive 
index  of  the  medium  of  immersion,  and  is  expressed  by  the  pro* 
duct  of  the  index  of  refraction  multiplied  by  the  line  of  half  the 
angle  of  aperture  for  the  particular  immersion  medium  employed. 
This  is  expressed  by  the  much-used  formula  n  sin.  u. 
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The  limit  of  resolving  power  has  been  calculated  for  different 
media  and  apertures^  ranging  from  1.52,  which  is  theoretically  the 
highest  attainable,  with  an  immersion  medium  of  refraction  index 
1.52,  since  it  corresponds  to  180^  of  angular  aperture  in  that  me- 
dium, down  to  0.50,  and  a  table  giving  the  figures  is  regularly 
published  in  the  Am.  Monthly  Micr.  Journal.  The  range  of  re- 
solving power  at  present  attained  in  practice  scarcely  exceeds 
112,000  lines^  to  the  inch,  which  should  theoretically  be  attained 
with  an  aperture  of  1.16,  but  the  optical  construction  does  not  per- 
mit of  the  attainment  of  theoretical  perfection.  The  highest 
numerical  aperture  to  be  obtained  from  the  opticians  is  about  1.43. 

We  have  already  seen  that  there  is  a  theoretical  as  well  as 
practical  limit  to  the  power  of  a  microscope  to  separate  fine  lines. 
This  limit  is  determined  first,  by  the  numerical  aperture  of  the  ob- 
jective and,  secondly,  by  the  magnifying  power  of  objective  and 
ocular  combined,  which  in  every  case  must  be  suflSoient  to  sep- 
arate the  lines  in  the  image  until  they  subtend  an  angle  large 
enough  to  enable  the  eye  to  distinguish  them.  This  amplification 
attained,  supposing  the  resolving  power  of  the  objective  to  be 
tested  to  its  highest  limit,  no  further  amplification  can  possibly 
reveal  any  finer  details  in  the  image.  Nevertheless,  a  slight  in- 
crease is  desirable  to  render  the  details  more  distinct,  as  all  who 
work  with  delicate  test-objects  well  know.  There  is,  therefore,  a 
well-defined  relation  between  numerical  aperture  and  amplifica- 
tion, which  renders  it  possible  to  define  the  limits  of  adequate  and 
desirable  amplification  for  every  objective.  A  recognition  of  this 
fact  will  show  that  the  use  of  oculars  of  excessively  short  focal 
length,  or  high  power,  must  be  extremely  limited  in  scientific  in- 
vestigation. 

For  the  scientific  student  there  is  no  device  more  generally  use- 
ful than  the  Abbe  illuminator,  with  its  full  complement  of 
diaphragms.  It  is  not  strictly  achromatic,  but  that  is  of  no 
consequence.  It  is  not  costly  compared  with  other  forms,  and  is 
well  adapted  for  universal  use.  It  gives  the  observer  complete 
control  over  the  light,  and  is  a  great  aid  in  all  delicate  observa- 
tion. I  feel  like  dwelling  longer  upon  this  subject  to  urge  the  use 
of  this  apparatus  upon  our  scientific  students.  I  am  aware  how 
many  of  them  affect  to  despise  all  accessories.    It  is  because  they 

>  130,000  haa  been  claimed,  biU  we  are  not  Batisfied  witb  tbe  evideDce  in  support  of 
this,  rather  improbable,  accompiishment. 
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do  not  know  their  value.  It  will  not  do  to  say  such  things  are  of 
no  use  merely  because  they  have  not  felt  the  need  of  them,  for 
such  persons  do  not  know  of  what  they  speak.  The  true  student 
of  science  should  be  quick  to  take  advantage  of  every  aid  afforded 
by  the  optician's  skill.  As  to  the  practical  value  of  the  Abbe  con- 
denser there  can  be  but  one  opinion. 

The  use  of  polarized  light  in  connection  with  the  microscope  is 
of  great  importance  to  the  mineralogist,  who  is  enabled  to  study 
the  optical  properties  of  minerals  as  they  occur  in  rocks  in  micro- 
scopic quantities.  The  ordinary  arrangements  for  polarized  light 
serve  well  enough  for  such  purposes  and  for  the  onlinary  require- 
ments of  the  microscopist.  A  far  more  elaborate  and  delicate 
apparatus  for  studying  the  optical  properties  of  minute  objects,  is 
the  polari-spectro-microscope  of  RoUet^,  or  the  spectro-polarizer  of 
Zeiss^  which  serves  the  same  purpose  and  can  be  attached  to  the 
ordinary  microscope.  Both  these  instruments  consist  of  a  polar- 
izing prism,  a  dispersing  prism  to  form  a  spectrum  of  the  polar- 
ized light,  and  a  plate  of  selenite.  The  different  colors  of  the 
spectrum  can  be  made  to  traverse  the  field  of  view  in  succession. 
The  selenite  produces  dark  bands  of  interference,  the  position  of 
which  depends  upon  the  thickness  of  the  selenite.  An  object  pos- 
sessing the  slightest  property  of  double  refraction,  such  as  a  piece 
of.  muscle,  for  example,  when  placed  in  one  of  the  dark  bands, 
adds  to  the  thickness  of  the  selenite,  and  in  certain  azimuths,  be- 
comes luminous  in  the  dark  band.  These  instruments  are,  un- 
doubtedly, the  most  delicate  means  we  have  of  studying  the 
optical  properties  of  minute  objects,  and  their  value  is  enhanced 
by  the  ease  with  which  the  wave-lengths  of  the  light  used  can  be 
measured. 


Demonstration  of  perforations   in  the  cellulose  walls   of 
PLANT-CELLS.    By  Louis  Elsberg,^  M.  D.,  New  York,  N.  Y. 

[ABSTRACT.] 

Two  years  ago  I  communicated  to  the  Section  of  Histology  and 
Microscopy  (Proceedings  ,  vol.  31,  p.  511)  some  investigations  to 
prove  the  doctrine  that  the  frame  of  cellulose,  analogously  to  the 

'Am.  Monthly Micr.Jonrn.,iTi  168.  sLoo.  clt.,  iv,  Hi. 

»  Dr.  EUbcrg  died  Feb.  19, 1885.— F.  W.  P. 
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cement  substance  of  animal  epithelia  and  the  basis  substance  of 
other  animal  tissues,  is  pierced  by  either  single  filaments  of  living 
matter  or  a  reticulum  with  more  or  less  large  accumulations  of 
living  matter,  interconnecting  all  neighboring  tissue-elements ;  and 
that  the  plant,  therefore,  like  the  animal,  is  one  continuous  mass 
of  living  matter,  with  Interspaces  which  contain  some  non-living 
material. 

This  doctrine  was  hotly  combated  by  the  members  present  except 
the  revered  *•*•  master  of  American  botany,"  Prof.  Asa  Gray ;  and 
a  week  ago,  meeting  him  in  Montreal,  my  attention  was  called  by 
him  to  the  fact  that  a  number  of  observers  have  confirmed  the 
doctrine  more  or  less  completely.  Instances  of  protoplasmic 
continuity  through  cell- walls  have  been  observed  by  Tangl^  in  the 
endospermof  certain  seeds  and  by  Gardiner^in  '^the  pitted  cells  of 
the  pulvinus  of  Mimosa^  Robinia  and  Amicia"  Frommann^  had 
previously  stated  that  he  had  been  able  to  observe  in  various  cases  a 
continuous  network  extending  from  the  protoplasm  into  the  cell 
wall,  and  that  protoplasmic  nets  pass  from  one  cell  to  another  and 
connect  neighboring  cells  with  one  another  by  means  of  either 
smaller  or  larger  gaps  and  crevices  in  the  membrane.  Strasburger 
holds  the  same  view.  Mr.  Walter  Gardiner,  in  an  article  entitled 
^'  Some  recent  researches  on  the  continuity  of  the  protoplasm 
through  the  walls  of  vegetable  cells,"^  makes  some  verbal  criticisms 
on  my  paper  which  are  well  enough  founded.<^  After  describing 
some  of  his  own  experiments,  he  says''  *^  My  results,  then,  agree 
with  those  of  Dr.  Elsberg  in  so  far  as  the  reticulate  structure  of 
chlorophyll  grains  is  concerned,  but  I  have  been  unable  to  trace 
any  reticulation  in  the  protoplasm  itself."  His  silver  nitrate  prep- 
arations, he  says,  '^  exhibited  a  structure  somewhat  similar  to  the 
figure  drawn  by  Dr.  Elsberg,  viz.,  that  on  the  cut  surfaces  of  the 
cell  walls  were  a  number  of  exceedingly  small,  darkly-stained 
patches,  separated  from  one  another  by  light  and  unstained  narrow 
areas."    But  this  appearance,  according  to  him,  *^  is  simply  due  to 

^Pringshelm,  JahrbUcher,  f.  wiss.  Bot.,  1880,  vol.  XII,  pp.  170—00. 

•Quarterly  Journal  of  Micro ecopical  Science,  October,  1882. 

^Beobnchtnngen  fiber  Struotur.  a.  BewogungserBchelnungen  des  Protoplaeraa  der 
Pflanzenzellen.  Jena,  1880. 

•Quarterly  Journ.  of  Micr.  Science,  April,  1883,  p.dOiet  seq. 

•He  points  out  that  Kierembergia  is  printed  "  Norembergia "  and  he  might  have 
pointed  out  more  glaring  typographical  errors  due  to  the  fact  that  I  had  no  opportunity 
to  rend  proof-sheets. 

V  Loc.  cit.  p.  308. 
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the  fact  that  granules  of  reduced  silver  are  deposited  on  the  cut 
surface  of  the  cell  walls,  and  that  no  staining  occurs  in  the  sub- 
stance of  the  wall  itself.  The  whole  appearance  of  protoplasmic 
continuitycanbe  brushed  away  by  mere  mechanical  means,  and  the 
size  of  the  granules  can  be  varied  at  will.  The  reduction  of  the 
silver  in  the  cell  wall  is  caused  by  some  of  the  cell  contents  which 
have  escaped  from  the  cell  lumen,"  and  the  particular  reducing  sub- 
stance, he  tbinlcs,  is  tannin.  Altogether  so  far  as  his  investiga- 
tions have  progressed,  he  says  that  '^  there  has  not  only  not  been 
the  least  suggestion  of  the  presence  of  large  quantities  of  proto- 
plasm in  the  cell  wall,  but  also  that  no  examples  of  reticulate 
arrangement  have  been  met  with  in  those  cases  where  perforation 
actually  takes  place."  Frommann  in  his  latest  publication®  upholds 
against  Gardiner  the  correctness  of  his  own  previous  observations. 

I  am  about  to  submit  to  you  a  demonstration  of  perforations  in 
cellulose  to  which  Gardiner's  explanation  of  silver  reduction  by 
the  presence  of  tannin  and  silver  nitrates  certainly  does  not  apply. 
But  first  let  me  cite  the  opinions  of  two  other  investigators,  viz. 
F.  O.  Bower  and  T.  Hick. 

Bower^  considers  that  it  has  now  been  demonstrated  with  as  much 
certainty  as  is  possible,  by  the  use  of  microchemical  and  staining 
reagents,  that  in  certain  cases,  the  number  of  which  is  now  con- 
stantly being  increased,  there  is  a  direct  connection  between  the 
protoplasmic  bodies  on  opposite  sides  of  cell  walls,  and  that  this 
connection  is  established  by  means  of  fine  strings  of  protoplasm 
which,  in  the  cases  observed,  run  nearly  transversely  through  the 
walls. 

Hick^^  has  made  an  extensive  series  of  observations  on  a  larg< 
number  of  species  belonging  to  the  more  important  genera  of  Florl 
desB,  with  special  reference  to  the  question  of  protoplasmic  contin 
uity.  He  finds  in  all  the  species  examined  that  there  is  such  i 
continuity  and  that  of  the  clearest  and  most  definite  character 
In  the  simpler  filamentous  types,  such  as  Petrocelis  aiienta  and  Cdl 
lithamnion  Rothii^  the  protoplasm  of  each  cell  is  united  with  the  pro 
toplasm  of  contiguous  cells  by  means  of  a  fine  protoplasmic  thread 
This  occurs  throughout  the  whole  plant.  In  the  more  comple: 
types,  such  as  Callithamnion  roseum^  arbuscula^  and  tetragonurri 

•"  Untersuchnngen  fiber  Struktnr,  Lebeneerschelnungen  nnd  Reaktionen  thierisch( 
und  pflanzlicher  Zellea."  Jenaische  Zeitschrift  fttr  Naturwlssenschaft.  Bd.  XVII.  N.  F. 
Bd.  Jena,  1884. 

'Journal  Boy.  Micr.  Soc.  Feb.,  1881,  p.  75. 

•Ubid,  p.  101. 
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the  arrangements  for  eontinaitj  are  of  a  more  elaborate  character. 
The  contents  of  the  axial  cells  are  not  only  united  with  one  another, 
but  also  with  those  of  the  cortical  cells,  however  numerous  these 
may  be.  The  cortical  cells  also  display  continuity  inter  se.  PtU 
lota  elegana  is  a  most  instructive  form,  as  here  the  connective  threads 
may  be  easily  traced  from  the  tips  of  the  ultimate  branchlets  to 
the  base  of  the  stipes  of  the  frond.  As  the  threads  become  older, 
they  increase  in  thickness,  thus  showing  that  they  are  not  merely 
temporar}'  or  effete  structures.  On  the  stouter  connecting  cords, 
a  sort  of  ring  or  collar  is  developed  at  about  the  middle  point,  and 
over  this  is  stretched,  in  some  cases,  a  delicate  diaphragm.  The 
behavior  of  both  rings  and  diaphragm,  when  treated  with  micix>- 
chemical  reagents,  is  similar  to  that  of  ordinary  protoplasm. 

The  view  that  I  hold  of  the  structure  of  plant  tissue  may  very 
well  be  illustrated  by  reference  to  the  structure  of  hyaline  cartilage. 
Formerly  cartilage  was  believed  to  consist  of  a  homogeneous  non- 
living basis-substance  in  which  are  embedded,  at  various  distances 
apart,  isolated,  living  cartilage  corpuscles,  the  so-called  cartilage 
cells ;  now  cartilage  is  known  to  be  a  filigree  of  living  matter  in 
the  meshes  of  which,  lumps  of  basis-substance  are  embedded.  To 
use  a  homely  simile,  if  you  imagine  a  peculiar  raisin-cake,  in  which 
the  raisins  represent  the  living  matter  and  hardened  dough  the  non- 
living, the  former  view  would  involve  dough  in  which  a  certain 
number  of  raisins  are  embedded ;  the  present,  a  framework  com- 
posed of  larger  and  smaller  raisins  and  bands  and  strings  of  raisin- 
substance,  in  the  meshes  or  interspaces  of  which  framework  blocks 
of  hardened  dough  are  embedded.  Just  so  in  the  tissue  of  plants, 
the  so-called  plant-cells  are  connected  one  with  the  other,  and  blocks 
of  cellulose  fill  up  the  interstices  in  the  network  of  living  matter. 


Ov  SOME  NEW  MICROSCOPICAL  DEVICES.     By  Dr.  R.  H.  Ward, 

Troy,  N.  Y. 

[abstract.] 

It  is  proposed  to  describe  the  following  new  forms  of  micro- 
scopical apparatus : 

(a)  A  new  illuminating  arrangement  called  the  Iris  Illumina- 
tor, which  consists  of  an  Iris  diaphragm  with  decentering  adjust- 
ment, combined  with  an  Abbe  Illuminator,  or  other  condensing 
system  of  lenses,  in  such  a  manner  that  the  illuminating  pencil  of 
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light  can  be  accurately  graduated  not  only  in  an  axial  but  also  h 
an  oblique  direction. 

(6)  A  new  lens-holder,  with  long  arm  and  with  fine  adjust 
ment ;  with  which  magnifying  lenses  of  either  low  or  high  powe 
can  be  firmly  supported  and  accurately  focussed  at  sufiScient  dis 
tance  from  the  supporting  pillar  to  be  used  in  examining  mounted 
herbarium  specimens  or  other  objects  widely  distributed  on  th< 
laboratory  table. 


Description  of  the  Schroder  camera  lucida.     By  B.  Hitch 
cocK,  Washington,  D.  C. 

[AB8TBAGT.] 

The  construction  of  this  instrument  was  described  and  the  man 
ner  of  using  it  illustrated.  The  author  stated  that  it  was,  in  hi 
opinion,  superior  to  any  other  form  of  camera  lucida,  in  that  tl 
point  of  the  pencil  could  be  distinctly  seen,  even  when  the  illumiii 
ation  of  object  and  paper  was  not  carefully  adjusted.  The  pupi 
of  the  eye  is  not  divided  over  a  reflecting  prism,  as  in  the  instr ; 
ment  with  two  prisms  by  Zeiss,  but  considerable  latitude  in  tl 
position  of  the  eye  is  allowed.  The  field  of  view  is  large  and  the  ir ; 
age  of  the  object  is  seen  projected  well  out  from  the  foot  of  t)  i 
microscope.  The  pencil  is  seen  directly,  the  image  of  the  obje : 
by  reflection.  The  principle  is  an  adaptation  of  the  binoculi 
prism  devised  by  Mr.  F.  H.  Wenham  for  use  with  high-power  o : 
jectives. 


On  the  reproduction  of  short  standards  of  length.  By  Pr 
Wm.  a.  Rogers,  Harvard  College  Observatory,  Cambridg 
Mass. 

[ABSTKACT.] 

Description  of  the  various  steps  by  which  a  centimeter  or 
inch  may  be  produced  from  a  standard  metre  or  a  standard  yarc 
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Electric  illumination  for  microscope,   with  practical  ill 
TRATioN.     By  W.  H.  Walmslet,  Philadelphia,  Pa. 
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ADDRESS 

BY 

PROFESSOR  EDWARD  S.  MORSE, 

YIOB  PRB8IDBNT,  SBCTION  H,  AMTHROFOLOOT. 


MAN   IN  THE    TEBTIAJRIFS. 


Man,  profoandlj  interested  in  his  origin  and  antiquity,  finds 
himself  hampered  in  his  investigations  by  the  opinions  and  prej- 
ndices  that  have  gi*own  up  with  him.  He  finds  it  well-nigh  impos- 
sible to  step  outside  of  himself  and  regard  himself  as  a  mammal 
among  hundreds  of  other  species  of  mammals. 

The  formidable  dogmas  which  he  has  erected,  and  perpetuated 
through  centuries,  to  explain  his  origin,  have  become  obstructive 
barriers  which  have  had  to  be  assailed,  one  after  the  other,  to 
clear  the  way  for  rational  investigation.  The  arrogance,  fury 
and  final  desperation  of  their  defence  have  been  only  faintly  por- 
trayed by  history. 

The  most  formidable,  and  indeed  the  chief,  of  these  barriers  was 
the  one  interwoven  with  theological  dogma.  Its  foundation  was 
laid  fifteen  centuries  ago,  and  each  century  added  its  accumulations, 
until,  finally,  by  violence  and  otherwise,  it  became  a  part  of  man's 
inheritance,  to  assail  which  was  to  imperil  his  most  cherished  con- 
victions. With  the  partial  removal  of  these  barriers,  one  becomes 
mindful  of  the  precious  evidences  of  man's  antiquity,  which  have 
been  overlooked,  or  forever  lost ;  evidences  all  the  more  precious 
because  so  difficult  to  obtain. 

These  barriers  being  no  longer  obstructive,  others  arose,  having 
for  their  foundation  evidence,  and  having  for  their  builders  men 
who  belonged  to  that  class  which  had  been  mainly  instrumental 
in  clearing  the  ground  of  previous  obstacled. 

The  most  important  of  these  barriers  was  the  one  erected  by 
Cuvier  in  the  declaration  that  man  being  the  last  and  highest 
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creation,  and  intimately  associated  with  the  present  fauna,  coald 
never  have  been  contemporary  with  the  extinct  species  of  mammals 
found  in  the  quaternary  beds.  Fortified  by  this  barrier,  science 
repelled  for  a  time  all  evidences  brought  forward  to  show  that 
man's  remains  were  synchronous  with  those  of  extinct  mammals, 
and  the  authors  of  these  evidences  were  treated  with  neglect  and 
even  ignominy. 

The  assaults  of  this  barrier  are  now  historic.  The  final  and 
triumphant  vindication  of  Perthes,  Schmerling  and  others,  and  the 
consequent  ovei*throw  of  Cuvier's  massive  authority  in  this  matter, 
are  familiar  to  every  student  of  archaeology. 

No  sooner  had  the  Cuvierian  barrier  against  quaternary  man 
been  demolished,  than  smaller  barriers  of  precisely  the  same  nature 
were  erected  against  tertiary  man. 

Gaudry,  while  admitting  the  authenticity  of  the  worked  flints, 
discovered  by  the  Abb6  Bourgeois  in  the  miocene  of  Thenay,  could 
not  admit  that  they  were  those  of  man,  because  he  says,  ^^  There 
was  not  in  the  middle  of  the  miocene  epoch  a  single  species  now 
extant.  Considering  the  question  from  a  palaeontological  point  of 
view  it  is  difficult  to  believe  that  the  flint  carvers  of  Thenay  re* 
mained  uninfluenced  by  this  universal  change." 

Professor  Dawkins^  in  a  similar  line  of  argument  assumes  that 
''man,  the  most  highly  specialized  form  in  the  animal  kingdom, 
cannot  be  looked  for  until  the  lower  animals  by  which  he  is  now 
surrounded  made  their  appeai*ance.  We  cannot  imagine  him  to 
have  been  living  in  the  eocene  age  when  animal  life  was  not 
sufficiently  differentiated  to  present  us  with  living  genera  of  placen- 
tal mammals.  Nor  is  there  any  probability  of  his  having  ap- 
peared on  the  earth  in  the  miocene,  because  of  the  absence  of 
placental  mammals  belonging  to  living  species.  It  is  most  un- 
likely that  man  should  appear  in  a  fauna  in  which  there  was  no 
other  living  mammal. 

''He  belongs  to  a  more  advanced  stage  of  evolution  than  that 
presented  by  the  roid-mlocene  of  Thenay,  in  which  flint  splinters 
fashioned  by  man  are  said  to  have  occurred.  Up  to  this  time  the 
evolution  of  the  animal  kingdom  had  advanced  no  farther  than 
the  Simiadce  in  the  direction  of  man,  and  the  apes  then  haunting 
the  forests  of  Italy,  France  and  Germany  were  the  most  highly  organ- 
ized types.  We  may  also  look  at  the  question  from  another  point  of 

t  K.  ▲.  Baview,  Vol.  187,  Ko.  4. 
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view.  If  man  were  upon  the  earth  in  the  miocene  age,  it  is  in- 
credible that  he  should  not  have  become  something  else  while  those 
changes  were  going  on  in  the  conditions  of  life  by  which  all  the 
miocene  land  mammalia  have  been  so  profoundly  affected  that  they 
have  either  assumed  new  forms  or  been  exterminated.  It  is  im- 
possible to  believe  that  man  should  have  been  an  exception  to 
the  law  of  change,"  and  for  similar  reasons  Professor  Dawkins 
says  we  cannot  expect  to  find  traces  of  man  in  the  pliocene  age. 
The  student  fully  imbued  with  these  opinions,  the  same  in  kind 
with  those  of  Gaudry,  is  inclined  to  repudiate  or  modify  the  inter- 
pretations of  all  evidences  bearing  on  man*s  existence  before  the 
quaternary. 

That  such  barriers  are  really  obstructive  is  plainly  evident. 
In  thus  authoritatively  setting  a  limit  to  man's  antiquity  a  check 
is  not  only  put  upon  research  but,  if  firmly  grounded  in  the  minds 
of  some,  evidence,  if  met  with,  is  mistaken  or  ignored. 

The  history  of  palaeontology  is  strewn  with  these  barriers,  bar- 
riers not  only  limiting  groups  of  animals  to  certain  horizons,  but 
repeatedly  placing  a  limit  to  the  dawn  of  life  itself.  How  well  do 
we  recall  the  timeworn  geological  terms  characterizing  the  different 
geological  periods  as  they  were  recognized  in  our  younger  days, 
and  how  many  thousands  of  vertical  feet  have  been  recovered 
from  the  Azoic  and  brought  into  orderly  sequence,  defined  by 
names  which  are  getting  to  be  equally  familiar. 

As  the  objections  to  the  occurrence  of  man  in  the  tertiartes  are 
in  every  case  purely  theoretical,  they  may,  with  perfect  fairness, 
be  combated  on  theoretical  grounds. 

In  the  theological  barrier  the  objection  to  man's  high  antiquity 
rested  solely  on  the  fact  that  it  was  in  direct  conflict  with  Mosaic 
cosmogony,  and  yet  this  barrier,  unsupported  by  the  faintest 
scrap  of  evidence,  thwarted  the  study  of  man's  antiquity  up  to 
within  very  recent  years. 

In  the  Cuvierian  barrier  man  was  assumed  to  be  structurally 
the  highest  mammal,  and  consequently  must  have  appeared  last. 

In  the  analogous  barriers  of  Gaudry,  Dawkins  and  others,  the 
assumption  is  that  since  orders,  families  and  genera  have  become 
extinct,  it  is  inconceivable  that  man  should  have  remained  un- 
changed while  those  profound  modifications  and  extinctions  were 
going  on. 

This  position  has  been  greatly  strengthened  by  the  idea  that 
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man  has  been  evolved  fi*om  the  higher  apes,  and  that  his  nearest 
relations  among  these  creatares  are  those  which  are  supposed  to 
have  appeared  last  in  the  sequence.  The  troublesome  fact,  how- 
ever, confronts  us  that  we  find  the  evidences  of  man  associated 
with  extinct  apes,  and  the  gap  between  them  is  by  Ao  means 
closed  in  these  earlier  horizons. 

Assuming  that  man  has  sprung  from  the  same  stem  with  the 
higher  apes,  and  assuming,  moreover,  that  he  is  limited   to  the 
quaternary,  we  do  not  find  in  the  earlier  deposits  what  we  shoald 
have  a  right  to  expect,  namely,  generalized  forms  of  man,  that  is, 
creatures  that  while  markedly  ape- like  in  character  were  unques- 
tionably man.     In  the  earliest  remains  of  man,  thus  far  recognized, 
we   do  have  the    most   pronounced  ape-like  features,  as  in    the 
well-known  £ngis  and  Neanderthal,  and  in  the  more  i*ecently  dis* 
covered  Tilbury  and  Podhaba  skulls.     But  all  these  forms  are  still 
man,  with  a  fair  brain  case  whatever  may  be  inferred  regard ing* 
the  depth  and  number  of  his  cerebral  convolutions.     The  modifica- 
tions toward  an  ape-like  structure,  slight  as  they   may  appear, 
have  the  deepest  significance  in  clearly  indicating  the  direction 
from  which  he  sprang. 

If  paleontologists  are  right  the  first  anthropoid  ape  has  been 
found  in  the  middle  eocene,  and  later  still  a  more  generalized 
form  called  Oreopithecus  which,  according  to  Gervais,  had  afiSni- 
ties  with  the  anthropoid  apes,  macaques  and  baboons.  Side  by 
side  with  these  early  apes  are  found  chipped  flints,  if  we  are  to 
accept  the  authority  of  their  discoverer.  Bourgeois,  and  the  opin- 
ion of  Mortillet  and  others. 

If  man  existed  then,  and  on  theoretical  grounds  there  is  no 
reason  to  believe  that  he  did  not  exist,  where  are  we  to  look  for 
the  approach  of  these  two  groups  ?  Surel}'  far  beyond  the  limits 
where  these  evidences  had  hitherto  been  found.  We  must  not  be 
content  to  trace  out  the  evidences  of  man  in  his  work,  for  before 
the  rudest  flint  was  fashioned  by  him  he  must  have  used  natural 
fragments  of  sticks  and  stones,  and  even  this  faculty  must  have 
indicated  an  advance  far  beyond  that  of  his  progenitors,  who  had 
not  acquired  even  the  habit  of  handling  weapons.  The  earliest 
evidences  must  be  sought  for  in  his  remains,  and  not  in  his  works, 
and  here  we  meet  with  a  difldculty  which  unfortunately  not  only 
accompanies  the  remains  of  man  and  those  creatures  having  an 
afl^ity  with  him,  but  of  other  groups  of  animals  as  well ;  condi- 
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tions  which  have  rendered  the  preservation  of  their  remains  a  mat- 
ter of  chance;  conditions  dalj  recognized  by  paleeiontologista 
pertaining  to  their  perishable  nature,  life  habits  or  the  composition 
of  the  rocks  in  which  such  and  such  forms  must  of  necessity  have  oc- 
curred. While  the  remains  of  certain  groups  of  animals  are  scat- 
tered through  the  rocks  in  the  greatest  profusion,  of  other  groups, 
perhaps  equally  numerous  in  individuals,  the  scantiest  traces  are 
met  with.  The  very  conditions  of  life  which  characterized  early 
man  and  his  associates  render  the  preservation  of  their  remains  a 
matter  of  extreme  improbability.  The  herbivora,  in  herds,  seek- 
ing the  shelter  of  watery  places  to  avoid  heat  and  insect  annoy- 
ances would,  in  dying,  become  mired,  and  thus  preserved  in  a 
matrix  for  the  future  explorer.  The  heavier  mammals,  like  the 
mastodon,  would  become  engulfed  by  their  own  weight  under  con- 
ditions which  would  preserve  them,  and  these  are  not  suppositi- 
tious cases,  but  in  accordance  with  facts  connected  with  their 
discovery  and  preservation.  Aquatic  forms  are  infinitely  more 
abundant  as  fossils  than  land  or  aerial  forms.  Professor  Marsh, 
in  his  monograph  on  the  fossil-toothed  birds  of  America,  testifies 
to  the  extreme  rarity  of  the  remains  of  land  birds  over  those  of 
aquatic  habits. 

The  arboreal  ancestors  of  man,  and  the  probable  habits  of  man 
himself,  would  leave  their  bones  to  bleach  in  the  field  or  forest,  to 
decompose  and  disappear  long  before  an  entombment  were  possi- 
ble. It  was  only  when  man  acquired  the  art  of  sepulture  or 
sought  refuge  in  caves  that  the  preservation  of  his  remains  be- 
came assured. 

Even  after  man  sought  the  shelter  of  caves  or  acquired  the  art 
of  burial,  surface  changes  have  been  so  widespread  and  profound 
as  nearly  to  obliterate  all  evidences  of  those  places.  Professor 
Dawkins,  the  eminent  archaeologist  and  geologist,  says  that  while 
there  have  been  caverns  in  all  geological  periods,  they  have  all 
been  obliterated  by  '^the  rain,  the  alternations  of  heat  and  cold, 
the  acids  evolved  from  decaying  vegetation  and  the  breakers  on 
the  seashore,"  and  this  abrasion  and  destruction  have  been  so 
extensive  and  thorough  that  Professor  Dawkins  recalls  only  two 
caverns  that  can  be  said  to  be  as  old  as  the  middle  pliocene. 

Even  when  these  caves  have  been  preserved,  the  harvest  from 
them  has  been  of  the  most  meagre  description. 

Schmerling,  who  examined  nearly  fifty  caves  in  Belgium,  found 
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hnman  remains  in  only  two  or  three  of  them,  Lnnd,  ivfao  exam- 
ined eight  hundred  caves  in  Brazil,  found  only  six  containing 
baman  remains.  It  would  seem  as  if  the  elements  had  conspired 
to  efface  every  record  of  that  creature  who  alone  takes  any  inter- 
est in  his  own  origin.  We  survey  large  areas  rich  in  the  works  of 
man,  yet  find  no  traces  of  bones  of  man  himself.  The  Swiss 
lake-dwellers  we  know  minutely  from  the  debris  of  their  rained 
villages,  grain  and  even  the  bread  they  made  being  preserved ; 
and  yet  human  bones  are  of  scanty  occurrence.  The  Danish  peat- 
beds  have  as  yet  never  yielded  human  bones,  though  stone  imple- 
ments and  objects  of  various  kinds  from  these  deposits  enrich  the 
museums  of  Denmark. 

The  shell  heap  deposits  all  over  the  world  rarely  contain  human 
bones.  It  is  said  that  none  have  been  found  in  the  Danish  shell 
heaps,  though  Wyman  found  a  few  in  the  Florida  shell  mounds, 
and  the  deposits  in  Japan  reveal  similar  traces. 

Chief  among  the  agencies  in  destroying  the  evidences  of  man 
have  been  the  glacial  floods,  and  these,  if  the  glaciallsts  are  right, 
have  occurred,  one,  during  the  earlier  pliocene,  and  the  other  at 
the  beginning  of  the  quaternary.  To  these  overwhelming  and 
annihilating  ice  torrents,  grinding,  sweeping  and  inundating  the 
north  temperate  zone,  must  be  attributed  the  almost  complete  ob- 
literation of  records  we  hold  most  precious ;  and  in  their  gradual 
recedence  no  less  destructive  agencies  were  at  work  in  scooping 
out  valleys,  inundating  immense  areas  and  covering  broad  tracts 
of  land  by  their  detritus. 

Even  man  to-day  with  his  colossal  works  of  engineering  skill 
would  in  the  face  of  a  glacial  flood  yield  the  last  traces  of  the 
evidences  of  his  existence.  A  few  corroded  bowlders  of  metal 
and  bits  of  glazed  pottery  alone  might  survive.  What  must  such 
a  torrent  have  been  to  primitive  man  with  his  simple  and  rude 
appliances ! 

It  would  seem  from  many  facts  that  early  man  lived  in  the 
vicinity  of  water,  either  on  the  banks  of  rivers,  or  along  the  coast 
line.  The  reasons  for  this  are  obvious  enough ;  food  was  always 
procurable  at  every  receding  tide  and  when  man  acquired  the  art 
of  boat-making,  natural  thoroughfares  were  always  available  and 
of  greater  necessity  from  the  dense  forests  which  covered  the  land. 

Now  it  is  just  these  regions  that  have  been  most  profoundly 
modified  since  glacial  days  and  indeed  in  all  times. 
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Ancient  river  beds  have  been  widened,  lowered  and  obliterated, 
coast  lines  have  changed,  great  tracts  have  disappeared  beneath 
the  waves  and  degradations  of  the  coast  lines  by  the  ponnding  of 
the  waves  have  been  universal. 

Professor  George  H.  Cook,  state  geologist  of  New  Jersey,  calls 
attention  to  the  universal  subsidence  of  the  coast  line  from  the 
Carolinas  to  Greenland.  The  erosion  of  all  the  shores  and  islands 
along  the  coast  of  New  England  is  very  marked.  Shell  heaps  are 
everywhere  met  with,  cropping  out  and  crumbling  down  with  the 
decaying  banks,  and  the  records  of  man  thus  lost  can  never  be 
regained. 

If  Saporta's  idea  is  correct  then,  of  course,  the  traces  of  these 
primitive  people  are  buried  under  paleochrystic  ice.  Saporta 
suggested  the  idea  that  man,  originating  in  the  north,  had  been 
pushed  southward  by  successive  waves  of  people  till  the  primitive 
wave  was  forced  into  the  extremities  of  the  southern  continents, 
and  that  the  remnants  of  this  ancient  wave  are  seen  in  the  Tas- 
manians,  Bushmen  and  Fuegans. 

That  such  a  wave  could  be  forced  the  length  of  the  world,  through 
such  vicissitudes  of  climate  and  accompanying  conditions,  un- 
mixed and  unbroken,  seems  incredible.  Far  more  probable  would 
it  be  to  assume  an  antarctic  continent  under  genial  conditions  in 
which  these  primitive  races  lived,  I  will  not  say  originated,  and 
whence  successive  waves  emanated,  becoming  modified  by  their 
new  surroundings  as  they  receded  from  their  point  of  origin. 
The  submergence  of  this  region  leaving  remnants  of  these  extra- 
ordinary, low  and  uniformly  dolichocephalic  types  as  we  recognize 
them  in  the  Patagonians,  Tasmanians,  Australians,  Bushmen, 
Veddahs  and  others,  and  precisely  where  we  might  expect  to  find 
them.  If  either  supposition  is  true  the  earlier  traces  of  these 
people  are  forever  buried  beyond  recovery. 

In  the  face  of  all  this  destruction  and  effacement  must  be  reck« 
oned  also  the  prejudices  of  man  himself,  which  have  caused  the  loss 
of  precious  material,  or  of  opportunities  which  can  never  be  re- 
gained. Ancient  skeletons  have  been  exhumed  only  to  be  prompt- 
ly buried  again ;  others  encountered  in  excavations  and  left  undis« 
turbed  through  superstitions  fear.  Even  at  the  present  time  the 
recognition  of  all  evidences  bearing  on  the  high  antiquity  of  man 
is  checked  by  a  scrutiny  that  oftentimes  becomes  well-nigh  ridicu- 
lous.   The  collection  and  studv  of  the  remains  of  other  fossil 
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mammals  go  on  nnchallenged.  Material  is  collected  and  allotted 
to  its  proper  horizon  without  dispute.  The  archseologist,  how- 
ever, is  beset  by  a  class  who  repudiate  his  facts,  look  upon  his 
evidences  as  deceptive  or  fraudulent,  and  within  very  recent  times 
have  not  hesitated  to  applj(  terms  of  equal  opprobrium  to  the  in- 
vestigators of  these  things. 

We  are  continually  wai'ned  that  caution  should  be  exercised  in 
accepting  evidence  not  verified  by  scientific  observers ;  at  the 
same  time  we  should  be  on  our  guard  to  repudiate  all  protests 
against  the  high  antiquity  of  man  made  by  those  not  equally  well 
informed. 

From  the  preceding  pages  it  is  evident  that  the  discoTery  of 
the  remains  of  early  man,  or  rather  of  primitive  man,  is  hig^hly 
improbable.  Nevertheless  we  need  not  despair ;  other  forms  of 
animals  have  been  equally  rare  for  a  time  until  some  unlooked- 
for  discovery  has  brought  to  light  a  rich  mine  of  material.  Until 
this  good  fortune  comes  to  us  we  must  be  content  to  reason  from 
the  known  to  the  unknown. 

In  regard  to  the  physical  characteristics  of  man,  it  has  been 
wondered  by  Gaudry  that  man  could  have  remained  unchanged 
while  so  many  other  forms  have  been  modified  or  become  extinct. 
That  slight  changes  in  the  osteological  structure  of  man  have 
taken  place  he  must  admit,  and  that  mammals  of  huge  form  and 
great  variety  have  become  extinct,  and  others  profoundly  mod- 
ified since  his  appearance,  are  equally  certain. 

These  facts  he  recognizes  so  far  as  pleistocene  man  is  concerned, 
but  the  great  disproportion  in  the  changes  that  man  may  have 
undergone,  and  the  known  changes  of  other  mammals  since  mio- 
cene  days,  seem  too  improbable  to  be  accepted.  On  the  other 
hand,  it  seems  reasonable  to  believe  that  the  moment  the  ancestors 
of  man  possessed  the  power  of  banding  together  in  communities 
and  of  using  weapons,  they  became  capable  of  rendering  in- 
operative the  very  infiuences  which  were  so  active  in  modifying  or 
exterminating  their  mammalian  associates. 

How  far  these  conditions  were  settled  in  the  quaternary  may  be 
seen  in  the  fact  that  while  man  could  endure  an  arctic  climate, 
his  anthropoid  and  more  distant  pithicoid  relations  bathed  in  a 
tropical  heat.  Indeed,  the  latter  disappeared  from  Europe  forever 
on  the  approach  of  the  cold  wave,  while  man  survived. 

The  fact  that  man  and  his  near  associates  have  been  regai*ded 
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as,  Btructuially,  the  higbest  roinia  of  mnmmats,  Ims  led  to  the 
natural  belief  that  they  must  have  been  last  evolved. 

That  man  is  pi-eeminently  the  highest  form  intellectually  goes 
without  the  saying.  In  the  woixis  of  Topinard,  "The  supremacy 
which  our  very  exalted  intellectual  faeiiltiea  secure  to  us,  is  con- 
firmed to  us  by  the  existence  of  an  exceptional  development  of 
the  organ  wliich  is  its  seat."  Man  has  three  or  four  times  more 
brain  than  the  higbest  ape.  This  e.tcessive  disproportion,  even 
taking  the  capacity  of  the  earliest  crania,  must  presuppose  a  long 
line  of  ancestors  in  which  this  capacity  was  less  and  less. 

The  same  progress  that  man  and  his  near  relatives  have  shown, 
in  an  unparalleled  degree  in  the  development  of  the  brain,  is  also 
remarkably  conspicuous  in  other  mammals  and  vertebrates  lower 
down  in  the  scale,  as  shown  mo  admirably  by  Marsh. 

The  size  of  the  brain  case  went  on  increasing  from  the  earlier 
to  the  later  geological  periods  out  of  all  proportion  to  other 
modifications  of  structure. 

In  relation  to  this  subject  it  seems  that  sufficient  importance 
has  never  been  given  to  the  generalizations  of  Cope  wherein  he 
considers  the  relations  of  man  with  tertiary  mammals  ;  and  until 
sufficient  recognition  has  been  accorded  to  these  generalizations 
I  feel  justified  in  again  bringing  them  forward.  In  these  consid- 
erations Professor  Cope  shows  that  "  the  mammals  of  the  lower 
eocene  exhibit  a  greater  percentage  of  ty|>e8  that  walk  on  the 
soles  of  their  feet,  while  the  successive  periods  exhibit  an  increas- 
ing number  of  those  that  walk  on  tlie  toes,  while  the  hoofed  ani- 
mals and  Caruivora  of  recent  times  nearly  all  have  the  heel  high 
in  the  air,  the  principal  e.Yceptions  being  the  elephant  and  bear 
families."  He  then  calls  attention  to  the  progiessive  osteological 
changes  of  the  foot  from  the  earlier  to  the  later  types  through 
several  lines  of  descent,  and  says:  "The  relation  of  man  to  this 
history  is  highly  interesting.  Thus,  in  all  generalized  points,  his 
limbs  are  those  of  a  primitive  type  so  common  in  tlie  eocene.  He 
is  plantigrade  ;  has  five  toes  ;  separate  tarsals  and  cai'pals  ;  short 
heel;  dat  astragalus,  and  neither  hoofs  nor  claws,  but  something 
between  the  two:  the  bones  of  the  forearm  and  leg  are  not  so 
unequal  as  iu  the  higher  types,  and  remain  entirely  distinct 
from  each  other,  and  the  ankle  joint  is  not  so  perfect  as  in 
many  of  lliem.    In  his  teeth  Lis  cliaracter  is  thoroughly  primitive. 
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*  *  *  His  structural  superiority  consists  solely  in  the  com- 
plexity and  size  of  the  brain.  A  very  important  lesson  is  derived 
from  these  and  kindred  facts.  The  monkeys  were  anticipated  in 
the  greater  fields  of  the  world's  activity  by  more  powerful  rivals. 
The  ancestors  of  the  ungulates  held  the  fields  and  the  swamps, 
and  the  Carnivora,  driven  by  h^^nger,  learned  the  arts  and  cruel- 
ties of  the  chase.  The  weaker  ancestors  of  the  quadrumana 
possessed  neither  speed  nor  weapons  of  offence  or  defence,  and 
nothing  but  an  arboreal  life  was  left  them,  when  they  developed  the 
prehensile  powers  of  the  feet.  Their  digestive  system  unspecial- 
ized,  their  food  various,  their  life  the  price  of  ceaseless  vigilance, 
no  wonder  that  their  inquisitiveness  and  wakefulness  were  stimu- 
lated and  developed,  which  is  the  condition  of  progressive  intel- 
ligence.'' And  Professor  Fiske  shows,  on  other  grounds,  that 
when  variations  in  intelligence  became  more  important  than  vari- 
ations in  physical  structure,  they  were  seized  upon  to  the  relative 
exclusion  of  the  latter. 

I  am  not  aware  that  these  postulates  have  ever  been  gainsaid, 
and  their  admission  answers  the  objections  urged  by  Gaudry  and 
others,  and  explains  on  rational  grounds  why  man  has  continued 
to  persist  for  so  long  a  time  with  physical  characteristics  so 
slightly  modified,  while  other  forms  were  changing  or  becoming 
extinct. 

As  to  his  structural  affinities  with  the  higher  apes,  it  has  been 
shown  that  his  relations  are  not  only  with  these  forms  but  scattered 
through  the  whole  range  from  the  gorilla  down,  and  osteological- 
1}'  even  with  the  half-apes,  the  lemuroids,  and  these  in  turn  have 
affinities  with  those  perplexing  forms,  the  aye-aye  and  tarsier. 

As  to  his  osteological  affinities  with  the  Lemuroidse,  insisted 
upon  by  Mivart,  it  is  worthy  of  note  that  these  forms  have  been 
discovered  in  the  lower  eocene  of  both  continents. 

If  these  structural  affinities  are  valid,  then  we  must  look  far 
beyond  and  below  the  present  higher  apes  for  the  diverging 
branches  of  man's  ancestry.  Among  the  many  evidences  of  the 
earl}'  origin  of  man  is  the  one  that  reveals  the  early  establishment 
of  well  marked  types  which  must  have  required  an  enormous 
lapse  of  time  to  have  established.  Repeatedly  the  evidences 
are  brought  forward,  by  different  investigators,  that  the  various 
types  of  skulls  are  met  with  among  the  earliest  traces  of  man. 
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Without  mentioning  the  comparatively  recently  lake-dwellers 
of  Switzerland,  among  whom  Dr.  His  believes  he  has  discov- 
ered four  different  types  of  skulls,  we  turn  to  the  labors  of  Professor 
Kollman,  who  has  made  an  exhaustive  study  of  the  crania  of 
various  races  in  both  hemispheres.  The  results  of  these  studies 
have  established  the  existence  of  races  of  people  bearing  certain 
unchangeable  characters  so  far  back  as  the  remains  of  man  have 
been  detected.  Among  those  races  living  to-day  he  calls  atten- 
tion to  the  Malay  and  Papuan  existing  for  so  long  a  time  under 
similar  tropical  influences,  and  yet  so  markedly  different  in  their 
racial  characters. 

From  a  study  of  the  skulls,  both  ancient  and  modern,  of  the 
native  races  of  North  and  South  America,  as  well  as  those  of 
other  parts  of  the  world,  Dr.  Kollman  comes  to  the  opinion  that 
the  sub-species  of  man  became  fixed  in  the  preglacial  perioil, 
and  through  the  vicissitudes  of  time  a  greater  or  less  influence 
has  been  exerted  upon  varieties  in  different  areas. 

Mr.  Keane,  in  the  Journal  of  the  Anthropological  Institute  for 
February,  1880,  shows  that  the  great  Asiatic  types,  known  as  the 
Caucasian  and  Mongolian,  have  from  prehistoric  times  occupied 
the  Chinese  peninsula.  And  these  evidences  are  continually  mul- 
tiplying, not  only  in  regard  to  the  diversity  of  type  among  early 
races,  but  to  their  equally  wide  dispersion  as  well. 

Furthermore,  the  evidences  go  to  show  that  early  man  had  be- 
come sufl3ciently  differentiated  to  acclimate  himself  to  widely 
different  regions  of  the  earth's  surface,  ranging  from  the  torrid  to 
the  arctic,  while  the  apes  were  still  confined  to  the  torrid  zone. 
The  remains  of  his  feasts  show  that  he  had  early  become  omniv- 
orous. 

These  facts  in  themselves  indicate  a  wide  gap  then  separating 
man  from  the  higher  apes,  and  add  further  reason  for  his  ability 
to  remain  unaltered  amid  the  universal  change  going  on  about 
him. 

The  most  powerful  argument,  in  favor  of  the  belief  that  man 
must  have  existed  in  the  tertiaries,  lies  in  the  very  important  fact 
that  his  earliest  remains  are  not  confined  to  any  one  region  of 
the  earth  which  might  have  been  a  centre  of  distribution — a 
paleolithic  garden  of  Eden — but  are  found  in  all  four  quarters  of 
the  earth,  as  the  rapidly  multiplying  evidences  are  testifying. 
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To  go  no  farther  back  than  the  river-drift  men,  if,  with  Dawkins, 
we  admit  that  these  are  the  first  reliable  traces  of  man,  we  find 
that  these  people  were  not  confined  to  any  one  special  region  of 
the  earth's  crust,  but,  on  the  contrary,  arc  found  impartially  scat- 
tered from  tropical  India,  through  Europe,  to  the  continent  of 
North  America.  They  could  not  have  been  distributed  through 
the  northern  approaches  of  the  continents  unless  this  distribution 
occurred  in  preglacial  times,  because,  as  Dawkins  shows,  an  ice- 
barrier  must  have  spanned  the  great  oceans  in  northern  latitudes. 

It  seems  an  almost  fruitless  speculation  to  inquire  into  the 
manner  of  their  dispersion,  3'et  one  is  tempted  to  surmise  that  if 
they  originated  in  the  tropics,  then  submerged  continents  must 
be  restored  to  offer  the  means  necessary  for  such  a  dispersal. 
If,  on  the  other  hand,  their  home  was  in  the  north  or  south  tem- 
perate zone,  and  the  distribution  circumpolar,  which  seems  more 
probable,  then  we  have  another  evidence  of  the  wide  separation 
which  the  race  had  undergone,  at  that  early  day,  from  its  tropical 
relatives,  the  apes.  Whatever  the  facts  may  ultimately  show,  this 
unparalleled  distribution  of  a  people  in  the  lowest  stages  of 
savager}'  proves  beyond  question  that  man  must  have  preexisted 
for  an  immense  period  of  time,  for,  with  the  known  fixity  of  low 
savage  tribes,  the  time  required  to  disperse  this  people  over  the 
whole  earth  can  onl}*^  be  measured  by  geological  centuries. 

The  farther  we  penetrate  into  the  past,  and  ascertain  some 
definite  horizon  of  man's  occurrence,  other  observers  in  widely 
different  regions  of  the  earth  bring  to  light  traces  of  man's 
existence  in  equally  low  horizons.  The  remoteness  of  man's 
existence  in  time  and  space  is  so  vast  that,  to  borrow  an  astro- 
nomical term,  no  parallax  has  thus  far  been  established  by 
which  we  can  even  faintly  approximate  the  distance  of  the  horizon 
in  which  he  first  appeared.  By  this  fact  we  are  justified  in  the 
assumption  that  the  progenitors  of  quaternary  man,  under  different 
genera  possibly,  must  be  sought  for  in  the  tertiaries. 

Science  will  not  gain  by  the  erection  of  any  theoretical  barriers 
against  tertiary  man,  until  such  definite  forms  are  met  with  as 
shall  reasonably  settle  the  beds  in  which  he  first  occurred. 

We  know  in  what  rocks  it  would  be  obviously  absurd  to  look 
for  his  remains  or  the  remains  of  any  mammal.  So  long,  how- 
ever, as  forms  are  found,  in  the  lowest  beds  of  the  tertiaries,  hav- 
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ing  the  remotest  affinity  to  his  order,  we  mast  not  cease  our 
care  in  scanning  unbiassed,  even  the  rocks  of  this  horizon,  for 
traces  of  that  creature  who  until  within  a  few  short  years  was  re- 
garded as  five  thousand,  eight  hundred  and  some  odd  years  old, 
and  who  despite  of  protest  and  prejudice  has  asserted  his  claim 
to  an  antiquity  so  great  and  a  dispersion  so  profound  that  thus 
far  no  tendency  to  a  convergence  of  his  earliest  traces  has  been 
demonstrated. 
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The  occcrrencb  of  man  in  thb  Upper  Miocene  of  Nebraska, 
By  Prof.  Edward  D.  Cope,  Philadelphia,  Pa. 

[abstbagt.] 

A  last  superior  molar  tooth  of  an  Anthropoid,  perhaps  of  the 
genus  Homo,  was  found  by  Mr.  F.  H.  Hazard  in  a  bed  of  loose  cal- 
careous sand  in  southern  Nebraska,  in  company  with  fossils  of 
undoubtedly  Loup  Fork  or  Upper  Miocene  age.  These  fossils  are 
Castor  pansus  Cope,  belonging  to  the  extinct  section  of  the  genus 
called  Steneqfiber;  Mylagaulua  monodon^  an  extinct  genus  allied 
to  the  Agutis^  and  some  other  bones. 

The  mineral  condition  and  surface  erosion  of  these  specimens 
are  identical,  and  as  far  as  appearances  go,  and  were  not  one  of 
them  so  like  the  molar  of  man,  no  one  would  dispute  their  con- 
temporaneity. But  the  matrix  was  of  soft  consistence,  so  that  the 
actual  horizon  of  the  tooth  cannot  be  positively  fixed-. 


Exhibition  and  description  of  some  paleolithic  quartz  im- 
plements FROM  central  MINNESOTA.  By  Miss  Franc  £. 
Babbitt,  Little  Falls,  Minn. 

[ABSTHACT.J 

The  Little  Falls  quartz  implements  here  exhibited^  are  to  the 
last  degree  primitive,  in  the  matter  of  shaping  and  finishing ;  the 
former  of  these  two  processes  having  been  largely  accomplished 
by  means  of  flaking,  and  the  latter,  by  pecking  and  rasping.  By 
flaking  is  meant,  of  course,  the  successive  detachment,  from  the 
piece  undergoing  manufacture,  of  relativel}'^  large  patches  of  super- 
fluous material,  and  by  rasping,  the  removal  by  attrition  of  trouble- 
some asperities  upon  the  surfaces  of  such  pieces.  Both  these  styles 
of  handiwork  appear  to  have  been  executed  with  a  convenient  bit 

-  ^The  specimens  exhibited  before  ihe  section  are  now  in  the  PeaboUy  Museum  at  Cam- 
bridge, Mass.,  where  they  can  be  seen  by  any  one  interested. 
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of  quartz,  which  was  shaped  into  a  tool  by  human  hands,  or  ased 
without  shaping,  according  to  the  particular  conditions  of  the 
case. 

These  quartzes  are  consequently  not  chipped,  in  the  ordinary  ac- 
ceptation of  the  term :  and  they  may,  when  singly  examined,  veiy 
well  be  mistaken  by  the  unpractised  observer  for  capricious  prod- 
ucts of  natural  agencies.  In  studying  full  series  of  quartzes 
identical  in  type,  however,  one  may  usually  distinguish,  among  im- 
plements variously  worn  by  usage,  and  others  unmistakably  incom- 
plete, some  one  or  two  which  are  perfect  in  their  way,  and  therefore 
typical,  and  which,  furnishing  a  standard  of  comparison  for  broken 
and  unfinished  specimens,  serve  as  a  key  to  the  whole  group. 
The  inspection  of  a  suite  of  such  implements  thus  affords  the  ar- 
chaeologist a  sense  of  certainty'  not  reached  in  any  other  way.  For 
this  reason,  I  have  included  in  the  first  group  of  the  collection  here- 
with submitted,  a  greater  number  of  one  class  of  wrought  instru- 
ments, than  would  otherwise  suffice  for  purposes  of  examination. 

We  should  naturally  expect  objects  as  ancient  as  these,  to  be 
primitive  in  appearance :  if  they  were  not  so,  the  fact  would  mili- 
tate, materially,  against  their  claim  to  be  palseolithic.  Certain  of 
the  marked  peculiarities  of  these  quartzes,  however,  are  distinctly 
referable  to  specific  causes,  outside  the  range  of  mere  antiquity. 

In  the  way  of  illustration,  let  us  suppose  one  of  .two  equally  de- 
veloped branches  of  the  human  race  to  bate  been  afforded  free 
access,  in  glacial  time,  to  the  stores  of  manageable  material  sup- 
plied by  the  fiint-beds  of  palaeolithic  Europe,  and  the  other  to  have 
been  restricted,  during  the  same  era,  to  the  deposits  of  abundant, 
but  intractable  quartz,  found  in  central  Minnesota.  We  must  be- 
lieve that,  in  a  case  like  this,  a  divergence  in  methods  of  work, 
and  consequently  in  results,  would  inevitably  ensue,  and  that  such 
efi'ects,  perpetuated  through  the  ages,  and  intensified  by  reiteration, 
would  finally  eventuate  in  differences  of  the  same  nature  with  those 
now  existing  between  these  roughly  wrought  quartz  remains,  and 
the  typical  chipped-flint  finds  of  other  countries. 

It  is  to  be  noted  that  the  quartz  mineral  in  question  is  differen- 
tiated from  flint,  and  the  coarser  sorts  of  stone,  by  two  important 
characteristics  which,  conjoined,  could  scarcely  fail  to  modify  work- 
manship therein.  These  are:  first,  the  irregular  fracture  of  this 
quartz,  which  causes  particular  difiSculty  in  working  it  into  ideal 
forms  by  the  nice  operation  of  chipping :  and  second,  the  enduring 
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angles  and  points  presented  by  it,  when  it  is  either  disintegrated 
by  the  forces  of  nature,  or  reduced  to  fragments  by  artificial  meas- 
ures. Manyoftliese  natural  and  semi-natural  figures  are  available, 
without  adaptation,  as  tools,  such  as  blades,  piercers,  stone-picks, 
rasps  and  hammers :  and  they  have  been  very  generally  thus  util- 
ized. Quartz  implements  of  this  rudest  description  of  all  were,  no 
doubt,  devoted  to  coarse  work,  and  were  expected  to  be  easily  de- 
stroyed, and  as  easily  replaced  by  fresh  tools.  (For  illustration  of 
this  point,  see  Group  B,  numbers  8  and  9.)  Still,  most  such  ob- 
jects received  some  few  decisive  touches  directed  by  human  intelli- 
gence. It  was,  commonly,  not  the  working-section  of  an  instrument 
which  required  these  determining  strokes  at  the  hand  of  man,  but 
rather  the  base  of  it,  or  else  that  part  of  the  surface  which  was  to 
be  adapted  to  some  sort  of  handle. 

The  special  type  of  implement  presented  in  Group  A  is  never 
included  in  the  rude  order  here  noted,  however  rough-hewn  individ- 
ual specimens  may  appear  to  the  casual  observer.  On  the  contrary, 
the  implements  of  this  group  are  wholly  artificial  forms ;  they  are 
shaped,  usually,  with  a  good  degree  of  comparative  skill ;  and,  when 
broken,  the  fragments  are  frequently  found  preserved,  as  if  to  be 
put  to  some  new  use.  The  quartzes  of  this  series  vary  somewhat 
in  size,  but  are  seldom  much  larger  than  No.  1. 

Group  A.  No.  1.  Specimen  No.  1  is  a  typical  implement,  better 
wrought  than  most  members  of  the  group.  As  a  first  step  in  the 
study  of  this  instrument,  I  beg  leave  to  point  out  the  very  slight 
marks  of  use  left  upon  its  margin  at  E  to  E,  and  also  certain  cor- 
responding bruises,  and  traces  of  pressure,  upon  the  base.  The 
object  appears  to  have  been  put  to  but  little  service,  yet  it  will  be 
observed  upon  close  inspection  that  the  whole  of  the  base  bears 
evidence  of  applied  force,  such  as  might  be  due  to  the  roughly  fit- 
ting socket  of  a  handle  of  horn,  or  wood. 

Such  an  implement  might  be  operated  with  no  mounting  what- 
ever. For  a  very  considerable  portion  of  the  glacial  year,  how- 
ever, or  indeed  for  an  average  Minnesota  winter  of  the  present 
presumably  warmer  period,  this  would  be  a  thing  wholly  impracti- 
cable, as  any  person  must  understand,  who  has  ever  attempted  to 
manipulate  quartz  pieces,  even  in  a  warmed  apartment,  with  the 
thermometer  ranging  at  ten  to  forty  degrees  below  zero. 

Group  A.  Nos.  2  to  6,  and  28  to  31.  Implements  2  to  4  illus- 
trate the  modification  in  form  and  workmanship  to  which  the  present 
type  of  objects  is  subject. 
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No.  2  is  a  worn  implement,  thinner  than  No.  1,  one  surface  of 
which  has  been  partially  cleansed,  leaving  the  other  in  a  nearly 
natural  state.  The  conchoidal  fracture  shown  at  the  margin  is 
common  to  certain  of  these  specimens ;  as  is  also  the  appearance 
of  having  had  the  base  involved  in  some  foreign  substance. 

No.  3  is  of  a  model  often  occurring  among  quartzes  much  smaller 
than  these,  and  is  characterized  by  the  thickness  and  relative  po- 
sition of  the  base,  and  by  having  one  of  its  surfaces  a  plane,  or 
4;kearly  such. 

No.  4  is  a  battered  implement,  not  found  in  sitUy  but  picked  up 
about  a  half-mile  south  of  the  notch  whence  the  other  pieces  of 
<this  collection  were  derived.  It  was  found  in  a  cutting  in  the  river- 
iterrace  at  this  place,  recently  made  through  the  plane  of  the  quartz 
yielding  stratum,  for  a  wagon-bridge  spanning  the  Mississippi 
iriver. 

No6.  5  and  6  are  bits  of  broken  implements. 

Nos.  28  to  31  are  additional  specimens  which  may  serve,  per- 
.haps,  to  illustrate  the  type  more  fully. 

.Groi\p  B.  Nos.  7  to  IG.  Group  B  comprises  a  miscellaneous 
.assortniient  of  quartz  objects  of  various  types,  brought  together 
with  a^view  to  illustrate  certain  phases  of  paleolithic  handicraft. 

No.  .7  is  presumably  a  palseolitic  weapon.  It  is  one  of  the  best 
ifinished  pieces  of  my  collection,  and  is  unique,  so  far  as  this  place 
is. concerned.  The  dissimilarity  of  the  two  sides  is  not  due  to  in- 
completeness, nor  fracture,  as  might  be  conjectured.  This  is  shown 
by  the  appearance  of  that  part  of  the  object  here  labelled  as  the 
bcuik^  which  is  worn  smooth  at  some  points,  while  at  others  it  is 
marked  with  indentations  seeming  like  bruises  produced  by  a  hard 
substance  used  as  a  mounting.  It  was,  perhaps,  provided  with  a 
handle  of  horn  ;  or  it  may  have  been  fitted,  longitudinally,  into  the 
upper  section  of  a  wooden  club. 

No.  8  is  one  of  the  very  coarse  stone-tools  to  which  allusion  has 
been  made  above.  The  incurved  and  broken  blade,  B  to  B,  is 
one  of  many  occurring  at  this  place,  certain  of  which  are  doubtless 
of  natural  formation,  while  others  appear  to  have  been  shaped  by 
detaching  a  single  curved  flake  at  the  required  point,  as  is  perhaps 
the  case  in  the  present  instance.  The  evidences  of  use  exhibited 
by  a  worn  implement  are  of  two  sorts ;  first,  abrasion  and  fracture 
at  the  working-section,  caused  by  impingement  upon  foreign 
bodies ;  and  second,  opposite  and  corresponding  sets  of  pressure- 
marks,  found  at  the  spot  where  force  has  been  applied  to  produce 
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the  impingement.  Probably  this  was  done  b}'  means  of  a  wooden 
socket  or  a  like  device.  The  rougher  tools  appear  to  have  been 
manipulated,  at  times,  by  means  of  a  sort  of  7iaZ/- socket,  as  a  por- 
tion of  the  base  is  often  deeply  bruised,  while  the  remainder  shows 
no  abrasion.  In  objects  exhumed  directly  from  the  stratum,  these 
markings  may  be  relied  upon,  as  proof  of  human  interference,  to 
an  extent  which  would  not  be  possible,  had  the  pieces  indicated 
been  subjected,  since  deposition,  to  vicissitudes  of  climate,  or  to 
violent  action  of  either  ice  or  water. 

Nos.  8  and  9  are  not  introduced  into  the  present  group  for  the 
purpose  of  illustrating  their  types,  concerning  which  there  is,  bye 
the  bye,  much  to  be  said  ;  but  they  are  brought  forward  as  exam- 
ples of  natural  forms,  adapted  by  palaeolithic  man  to  his  own 
service.  Such  a  curved  blade,  as  that  of  No.  8,  would,  no  doubt, 
be  of  utility,  in  working  horn,  or  branches  of  wood,  or  in  shaping 
clubs  ;  while  rounded  blades,  like  that  of  No.  9,  might  well  have 
been  employed  in  making,  or  enlarging,  cavities  in  wood.  Indeed 
I  have  pieces  of  this  kind  which,  I  think,  must  have  been  so  used. 

No.  10.  Under  this  head,  I  comprehend  a  lot  of  quartz  frag- 
ments, which  were  exhumed  from  the  notch-stratum,  while  the 
present  notes  have  been  in  process  of  preparation.  Having 
chanced,  several  days  since,  upon  an  extension  of  this  stratum,  I 
took  from  it,  in  the  course  of  a  few  minutes,  72  pieces  of  waste 
material.  I  forward,  as  No.  10,  a  considerable  quantity  of  the  finer 
refuse  for  the  double  purpose  of  showing  what  it  is  like,  and  of 
establishing  the  fact  of  the  freshness,  and  freedom  from  accidental 
abrasions,  of  these  quartzes. 

Nos.  11  and  12.  Associated  with  the  bits  of  No.  10, 1  discovered 
Nos.  11  and  12,  one  of  the  two  being  broken  at  the  point,  and  the 
other,  perhaps,  not  finished.  These  little  specimens  have  a  like- 
ness to  aiTOw-heads ;  but  whether  they  are  such,  or  not,  is  to  be 
determined.  It  has  been  believed  that  no  arrow-heads  exist  at 
this  deposit,  since  no  recognized  weapons  of  the  sort  have  been 
extracted,  hitherto,  directly  from  it.  The  single  quartz  arrow- 
head from  Little  Falls,  exhibited  at  the  Minneapolis  meeting  of 
the  A.  A.  A.  S.,  last  August,  was  derived  from  a  soured  which 
may,  or  may  not,  prove  to  be  a  northward  extension  of  the  quartz- 
bearing  plane  at  the  notch. 

Nos.  13  and  14.  Each  of  these  objects  represents  a  large  class 
of  finished  and  unfinished  specimens ;  passing,  on  the  part  of  the 
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former,  into  the  type  of  flattish,  and  roundish  flakes,  and,  in  the 
case  of  the  latter,  merging  into  a  thicker  class  of  implements, 
somewhat  resembling  the  hatchet  in  shape. 

No.  15  is  a  small  figure,  of  an  unmistakably  artificial  character, 
representing  a  carious  series  of  worked  objects,  upon  whose  raison 
d^etre  it  is  too  early  to  pronounce.  At  the  present  stage  of  in- 
vestigation, they  appear  unintelligible,  except  as  crude  imitations 
of  animals.  Average  examples  of  this  class  of  work,  when  com- 
plete, stand  upright  upon  a  base,  like  No.  15,  and  are  relatively 
well  wrought,  while  bearing  upon  their  surfaces  no  traces  of  use, 
so  far  as  yet  observed. 

Nos.  16  a  and  10  &  are  bits  of  quartz,  one  of  which  shows  a 
point  or  piercer,  nearly  or  quite  natural  in  form.  The  other  is  a 
small  blade  which  has  been  somewhat  fashioned,  probably. 

Group  C.  Nos.  17  to  22.  Nos.  17  18  and  19  are  hammer- 
stones  extracted  from  the  notch-stratum.  Specimens  17  and  18 
are  old  and  battered  examples  of  their  class,  while  No.  19  is  a 
fresher  and  nearly  typical  implement.  These  rude  tools  have  been 
coarsely  flaked.  The  worn  hammers  are  adapted  to  be  used,  either 
with  the  back  of  the  tool  held  in  the  palm  of  the  hand,  or  with  the 
back  fitted  to  a  handle.  It  is  possible,  however,  for  these  and  the 
like  tools  to  have  been  emplo3'ed,  first  in  one  of  these  wa3'8,  and 
then  in  another,  as  during  the  summer,  and  afterward  through  the 
period  of  cold.  This  would  render  practicable  two  systems  of 
abrasion,  evidences  of  which,  not  infrequently  appear.  By  hold- 
ing the  back  of  No.  17  in  the  right  palm,  with  the  wrist  toward 
the  base,  and  with  the  fingers  pressing  at  the  upper  points,  P  P, 
the  instrument  will  be  found  in  position  to  efiect  existing  bruises 
upon  its  working-surface. 

No  grooved  hammer  in  the  nature  of  an  Indian  maul,  and  no 
completely  grooved  object  of  any  kind,  has  thus  far  been  discovered 
at  this  place.  Well  defined  cut-grooves  occasionally  appear  upon 
one  surface  of  some  small  implement.  Shallow  grooves,  or  rather 
mere  depressions,  which  are  pecked,  or  gouged,  into  one  side  of 
an  implement,  are  not  uncommon,  neither  are  notches,  more  or  less 
pronounced,  wrought  in  one  or  both  margins  of  an  instrument ;  as 
in  No.  20,  and  also  in  members  of  Group  D.  Contrivances  of  the 
same  nature  are  further  illustrated  by  Nos.  21  and  22. 

Group  D.  Nos.  23  to  27.  No.  23  is  a  coarse,  worn  blade  of  a 
common  kind.    The  specimen  in  htind  has  bruises  at  its  base,  and 
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presents  a  slightly  worn  appearance  at  the  margin  opposite,  thus 
showing  that  it  has  been  put  to  some  sort  of  service. 

No.  24  is  a  round  blade  of  a  common  type. 

No.  25  is  one  of  three  or  four  small  quartzes,  derived,  in  part, 
from  the  notch-stratum,  and,  in  part,  from  the  same  plane,  a  half- 
mile,  or  less,  to  the  north.  The  specimen  here  presented  is  from 
the  notch-stratum. 

Nos.  26  and  27  are  old  and  battered  tools.  No.  27  is  unusually 
small,  and  is  much  bruised  at  the  base,  and  corresi)ondingly  broken 
at  the  blade  opposite.  Implements  of  this  sort  occur  in  great 
variety,  as  regards  form,  size,  and  finish. 

Group  E.  Nos.  32,  etc.  Nos.  32  and  33  are  quartz-bulbs,  which, 
in  spite  of  their  rudeness,  are  neither  natural  forms,  nor  the  result 
of  artificial  fracture,  and  which  from  the  marking  upon  their  sur- 
faces, and  from  comparison  with  other  like  pieces,  I  judge  to  have 
been  inserted,  as  a  head,  into  some  sort  of  club.  The  points,  P  P, 
of  No.  83  were  fashioned,  no  doubt,  for  the  reception  of  fasten- 
ings. The  base  may,  veiy  likely,  have  rested  in  a  cavity  at  the 
top  of  the  club,  the  bulb  of  the  weapon  forming  the  apex,  as  in 
No.  32. 

No.  34  is  probably  an  unfinished  implement.  It  has,  at  one 
side,  a  gouged,  roundish  cavity ;  a  feature  which  is  common  to 
several  kinds  of  implements,  and  which  sometimes  occurs  under 
conditions  affording  clear  evidence  that  the  depression  in  question 
has  not  only  been  artificially  produced,  but  that  it  has  also  been 
subjected  to  use. 

Nos.  35  to  38.  I  add  to  this  group  certain  imperfect  specimens, 
as  also  the  quartz  piece.  No.  38,  which  seems  to  have  been  utilized 
for  rasping  purposes. 


Some  characteristics  of  the  indian  earth  and  shell  mounds 
ON  THE  Atlantic  coast  of  Florida.  By  Andrew  E.  Douo- 
LASs,  New  York,  N.  Y. 

[abstract.^] 

The  Indian  earth  and  shell  mounds  are  distnbuted  very  evenly 
along  the  Florida  coast  from  the  mouth  of  the  St.  John's  River  to 

1  Printed  in  fUl  in  the  American  Antiquarian  for  March  and  May,  1885. 
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the  southern  extremity  of  Lake.  Worth.  The  shell  mounds  are 
ridges  or  heaps  of  great  size,  planted  generally  upon  the  out- 
lying strip  separating  the  lagoon  from  the  sea,  and  less  frequently, 
upon  the  west  bank  of  the  lagoon.  The  earth  mounds,  with  rare 
exceptions,  are  found  on  the  main-land  west  of  the  lagoons. 
These  earUi  mounds  are  most  probably  the  work  of  the  same 
tribes  that  raised  the  shell  mounds,  and  living  permanently  upon 
the  mainland,  at  stated  and  limited  periods  of  each  year  occupied 
the  narrow  strip  intervening  between  the  lagoon  and  the  sea- 
beach.  The  Dupont's  shell  mound,  twenty-five  miles  south  of 
St.  Augustine,  beautifully  illustrates  the  progressive  growth  of 
one  of  these  heaps,  its  final  decadence  and  desertion  ;  the  i>ortion 
upon  the  sea-beach  having  apparently  been  completed,  while  the 
extremity  upon  the  lagoon  is  left  in  the  first  stage  of  its  occupa- 
tion. The  earth  mound,  attributed  to  the  same  constructors,  is 
found  at  Rhotan's  Landing,  on  Pellicere's  creek,  opposite  the  shell 
mound.  The  characteristic  feature  of  this  mound  is  in  the  exist- 
ence of  three  radiating  causewa3's  left  to  facilitate  its  erection. 
The  same  feature  is  exhibited  by  a  single  prominent  ridge  in  the 
Spruce  Creek  mound,  and  in  the  same  way,  but  still  more  conspic- 
uously, in  the  twin  mounds  in  Ross  Hamak,  on  Mosquito  lagoon, 
which  are  massively  built,  and  show  an  ovate  base  afea,  three 
hundred  feet  in  length,  the  greatest  width,  at  the  base  of  the  ac- 
tual mound,  being  one  hundred  feet.  Other  mounds  are  attached 
to  the  terminating  slope  of  natural  ridges,  to  enhance  their  height 
when  viewed  from  the  plain.  Such  is  Bulow  mound,  forty  miles 
south  of  St.  Augustine,  and  Mount  Oswald,  on  the  south  bank  of 
Tomoka  Creek  in  northeast  section  of  Volusia  County.  In  the 
vicinity  of  the  latter  are  extensive  shell-ridges,  one  nearly  eight 
miles  in  length,  and  a  shell  mound  about  three  acres  in  extent, 
composed  exclusively  of  the  minute  shell  Donax; — this  last  being 
unique  in  this  respect.  Other  earth  mounds  are  found  erected  on 
the  edge  of  plateaus  or  terraces,  some  feet  higher  than  the  plain 
they  face ;  the  soil  being  excavated  on  either  side  and  heaped 
upon  the  mound,  a  narrow  neck  being  left  still  attached  to  the 
mound.  Such  an  one  is  Coco  mound,  twelve  miles  north  of  St. 
Augustine.  The  Spruce  Creek  mound  also  exhibits  special 
characteristics  in  an  artificial  descent  to,  and  landing  at  the  water's 
edge,  as  well  as  in  the  pits  sunk  in  the  vicinity,  whence  waja 
obtained  the  earth  required  in  its  construction.    The  Stone  House 
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earth  mound,  opposite  Mosquito  Inlet,  exhibits  a  stone  casing 
three  feet  below  the  surface,  covering  the  entire  mound,  and  the 
interior  sand  is  singularly  indurated,  a  condition  due  to  some  in- 
gredient in  the  composition  of  the  soil  peculiar  to  that  neighbor- 
hood. The  two  rock  mounds  on  the  banks  of  the  Miami  river,  at 
Bay  Biscayne,  are  the  only  instances  upon  the  Atlantic  coast  of 
the  state,  of  mounds  constructed  solely  of  loose  rock.  They  are 
possibly  so  heaped  up,  to  relieve  the  soil  of  serious  obstacles  to 
cultivation,  and  may  be  the  work  of  Spanish,  English,  or  Indian 
residentsi.  The  relics  revealed  by  the  earth  mounds  illustrate 
the  extent  and  limit  of  a  pre-columbian  trade  in  northern-made 
stone  implements.  Such  implements  are  frequently  found  in  such 
mounds  on  the  coast  within  the  limits  of  St.  John's  county,  but 
they  are  not  found  farther  south.  They  could  hardly  have  been 
abundant  as  no  mention  is  made  of  them  by  French  or  Spanish 
historians  of  the  early  historic  period.  It  is  a  question,  whether 
such  objects  found  in  the  earth  mounds  were  intentionally  deposi- 
ted with  the  burials,  buried  there  for  concealment^  or  accidentally 
dropped  and  lost  while  the  mounds  were  being  constructed. 


The  sacrificial  stone  of  San  Juan  Teotihuacan.    By  Amos  W, 
Butler,  of  Brookville,  Ind. 

[AB8TBA0T.] 

From  the  best  information  attainable  I  can  learn  of  no  place 
where  the  Sacrificial  Stone  of  San  Juan  Teotihuacan  has  been  de- 
scribed. 

This  stone  is  but  a  few  yards  from  where  the  so-called  "  Path 
of  the  Dead"  enters  the  open  court  south  of  the  Pyramid  of  the 
Moon.  It  is  just  west  of  a  mound  about  eighteen  feet  high,  be- 
neath which  is  an  opening  extending  some  distance  into  the 
ground.  The  stone  rests  on  its  base  leaning, against  a  pile  of 
debris,  which  prevents  any  view  of  its  bottom  and  one  side.  This 
stone  is  of  gray  granite  weighing  about  twelve  tons.  It  is  cut 
from  one  piece  of  stone  and  is  evidently  a  combination  of  sacri- 
ficial stone  and  idol.  The  cutting  of  this  stone  is  well  executed, 
but  does  not  equal  that  of  the  great  sacrificial  stone  taken  from 
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beneath  the  "Great  Plaza"  in  the  City  of  Mexico.  The  difference 
in  carving  may,  most  likely,  be  explained  by  a  difference  in 
the  time  of  their  manufacture ;  that  of  San  Juan  Teotihuacan  be- 
ing, perhaps,  much  the  older. 

The  stone  at  San  Juan  is  five  feet  six  inches  square  at  the  top 
and  bottom,  and  exactly  six  feet  high.  Three  sides  and  the  top 
are  exposed  to  view.  The  top  is  dressed  very  true  and  is  on- 
marked,  save  by  a  gutter  two  and  one-half  inches  wide  running 
through  its  center  to  the  front  and  rear,  down  the  former  of 
which  it  may  be  traced  for  a  short  distance,  expanding  as  it  be- 
comes less  distinct.  Around  the  top  is  a  square  groove  two 
inches  deep ;  about  half  way  down  the  cap  is  a  semicircular  groove 
less  than  one  inch  deep  extending  entirely  around  the  stone. 

Below  the  cap  the  sides  of  the  stone  abruptly  become  smaller. 
This  smaller  part  at  the  front  of  the  stone  is  occupied  by  the  fig- 
ure of  a  gigantic  human  head,  artistically  arranged  to  support  the 
upper  part  of  the  stone.  The  nose  is  very  large  expanding  toward 
the  end,  where  are  cut  two  small  holes  for  nostrils.  The  eyes  are 
cut  into  the  rock  and  are  surrounded  by  grooves  representing 
either  lids  or  eyebrows.  The  mouth  is  cut  into  the  stone  about 
an  inch,  and  is  similar  in  shape  to  the  e^^es.  It  is  also  surrounded 
by  a  groove  to  represent  the  lips.  Upon  each  side  of  the  head  is 
a  slightly  oblong  cutting,  with  a  smaller  raised  circle  upon  each ; 
these  are  the  ears  of  the  figure.  From  each  ear  a  ridge  of  the 
same  size  extends  to  the  posterior  surface  of  the  stone.  Immedi- 
ately below  each  ear  and  attached  thereto  is  an  oblong  figure 
which  I  have  considered  an  ear  pendant.  Just  below  the  ears  the 
stone  gradually  expands  to  a  base  the  same  size  of  the  cap. 
This  slope  may  have  been  intended  for  shoulders.  The  sides  of 
the  face  are  cut  almost  straight,  but  the  lower  portions,  ap- 
proaching the  chin,  are  rounded.  The  chin  is  square  at  the  end. 
The  neck  is  covered  by  a  necklace  which  is  divided  into  three 
parts  by  slightly  curved  parallel  lines  running  nearly  horizontally ; 
these  are  cut  by  lateral  lines,  part  of  them  running  at  right  angles 
dividing  the  necklace  iuto  angular  blocks,  most  probably  repre- 
senting beads  or  precious  stones.  Below  the  chin  in  the  body  of 
the  image,  is  a  rectangular  cavity  eight  inches  long,  three  inches 
wide  and  three  inches  deep,  into  which  perhaps  a  breast-plate  was 
fastened.  Extending  in  a  straight  line  from  two  sides  of  this 
opening  are  two  raised  parallel  cuttings.  Within  sixteen  inches  of 
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each  side  they  turn  angularly  toward  the  lower  corners ;  before 
reaching  the  corners  they  again  turn  parallel  to  their  first  course 
meeting  the  sides  of  the  stone  about  two  inches  above  the  base. 
Between  the  large  cavity  just  mentioned,  and  the  base  of  the 
stone  are  two  peculiar  scroll-like  figures,  each  divided  into  four 
parts  which  meet  each  other  in  the  centre  of  the  block,  in  the 
form  of  an  inverted  V. 

The  only  place  I  can  find  any  referenpe  that  probably  refers  to 
the  stone  I  have  described  is  in  Mr.  Fred.  A.  Obei-'s  new  book  en- 
titled "Travels  in  Mexico."  He^says :  "No  vestige  of  image  or 
statue  remains  save  a  great  carved  block  called  a  sacrificial  stone, 
now  lying  two  hundred  yards  from  the  'Pyramid  of  the  Moon.'" 
This  may  refer  to  the  stone  I  have  described. 

The  early  Spanish  historians  tell  us  these  pyramids  were  occu- 
pied by  temples,  and  by  idols  "upon  whose  breasts  were  plates  of 
gold  and  silver."  When  the  Spaniards  occupied  this  famous  valley 
the  superstitious  and  destructive  Bishop  Zumarraga,  destroyed 
these,  together  with  all  other  evidences  of  the  early  worship  of  the 
inhabitants  upon  which  he  could  lay  his  hands. 

Were  these  idols  destroyed  ? 

Such  masses  of  rock  as  these  ancient  Mexicans  used  could 
scarcely  have  been  broken  by  any  means  the  Spaniards  could  em- 
ploy. I  think  it  more  probable  that  the  temples  were  destroyed 
and  the  idols  overthrown,  the  latter  becoming  covered  by  debris, 
or  buried  by  Cortes'  band  for  fear  the  natives,  whom  they  wished 
to  christianize,  finding  them  should  return  to  their  idolatrous 
worship. 

The  sacrificial  stone  I  have  described  was  excavated,  near 
where  it  now  lies,  by  the  order  of  Maximillian,  but  he,  by  reason  of 
his  death,  was  prevented  from  removing  it  to  the  Capital. 

I  think  it  very  probable  that  this  stone  was  upon  the  top  of  one 
of  these  Pyramids.  Owing  to  its  proximity  to  the  "House  of  the 
Moon"  it  IS  more  probable  that  it  at  one  time  occupied  the  summit 
of  this  monument. 

Considerable  research  fails  to  show  more  than  one  figure  in  any 
way  similar  to  that  upon  this  stone  and  that  is  the  so-called  statue 
of  Quetzalcohuatl  from  Cholula.  Can  it  be  that  these  two  figures 
represent  the  same  person — the  great  "God  of  the  air"  of  the 
ancient  Toltecs  ? 
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former,  into  the  type  of  flattish,  and  roundish  flakes,  and,  in  the 
case  of  the  latter,  merging  into  a  thicker  class  of  implements, 
somewhat  resembling  the  hatchet  in  shape. 

No.  15  is  a  small  figure,  of  an  unmistakably  artificial  character, 
representing  a  curious  series  of  worked  objects,  upon  whose  raisan 
d^etre  it  is  too  early  to  pronounce.  At  the  present  stage  of  in- 
vestigation, they  appear  unintelligible,  except  as  crude  imitations 
of  animals.  Average  examples  of  this  class  of  work,  when  com- 
plete, stand  upright  upon  a  base,  like  No.  15,  and  are  relatively 
well  wrought,  while  bearing  upon  their  surfaces  no  traces  of  use, 
so  far  as  3'et  observed. 

Nos.  16  a  and  10  &  are  bits  of  quartz,  one  of  which  shows  a 
point  or  piercer,  nearly  or  quite  natural  in  form.  The  other  is  a 
small  blade  which  has  been  somewhat  fashioned,  probably. 

Group  C.  Nos.  17  to  22.  Nos.  17  18  and  19  are  hammer- 
stones  extracted  from  the  notch-stratum.  Specimens  17  and  18 
are  old  and  battered  examples  of  their  class,  while  No.  19  is  a 
fresher  and  nearly  typical  implement.  These  rude  tools  have  been 
coarsely  flaked.  The  worn  hammers  are  adapted  to  be  used,  either 
with  the  back  of  the  tool  held  In  the  palm  of  the  hand,  or  with  the 
back  fitted  to  a  handle.  It  is  possible,  however,  for  these  and  the 
like  tools  to  have  been  employed,  first  in  one  of  these  ways,  and 
then  in  another,  as  during  the  summer,  and  afterward  through  the 
period  of  cold.  This  would  render  practicable  two  systems  of 
abrasion,  evidences  of  which,  not  infrequently  appear.  By  hold- 
ing the  back  of  No.  17  in  the  right  palm,  with  the  wrist  toward 
the  base,  and  with  the  fingers  pressing  at  the  upper  points,  P  P, 
the  instrument  will  be  found  in  position  to  effect  existing  bruises 
upon  its  working-surface. 

No  grooved  hammer  in  the  nature  of  an  Indian  maul,  and  no 
completely  grooved  object  of  any  kind,  has  thus  far  been  discovered 
at  this  place.  Well  defined  cut- grooves  occasionally  appear  upon 
one  surface  of  some  small  implement.  Shallow  grooves,  or  rather 
mere  depressions,  which  are  pecked,  or  gouged,  into  one  side  of 
an  implement,  are  not  uncommon,  neither  are  notches,  more  or  less 
pronounced,  wrought  in  one  or  both  margins  of  an  instrument ;  as 
in  No.  20,  and  also  in  members  of  Group  D.  Contrivances  of  the 
same  nature  are  further  illustrated  by  Nos.  21  and  22. 

Group  D.  Nos.  23  to  27.  No.  23  is  a  coarse,  worn  blade  of  a 
common  kind.    The  specimen  in  hand  has  bruises  at  its  base,  and 


ANTHROPOLOGY.  599 

presents  a  slightly  worn  appearance  at  the  margin  opposite,  thus 
showing  that  it  has  been  put  to  some  sort  of  service. 

No.  24  is  a  round  blade  of  a  common  type. 

No.  25  is  one  of  three  or  four  small  quartzes,  derived,  in  part, 
from  the  notch-stratum,  and,  in  part,  from  the  same  plane,  a  half- 
mile,  or  less,  to  the  north.  The  specimen  here  presented  is  from 
the  notch-stratum. 

Nos.  26  and  27  are  old  and  battered  tools.  No.  27  is  unusually 
small,  and  is  much  bruised  at  the  base,  and  corresi)ondingly  broken 
at  the  blade  opposite.  Implements  of  this  sort  occur  in  great 
variety,  as  regards  form,  size,  and  finish. 

Group  E.  Nos.  32,  etc.  Nos.  32  and  33  are  quartz-bulbs,  which, 
in  spite  of  their  rudeness,  are  neither  natural  forms,  nor  the  result 
of  artificial  fracture,  and  which  from  the  marking  upon  their  sur- 
faces, and  from  comparison  with  other  like  pieces,  I  judge  to  have 
been  inserted,  as  a  head,  into  some  sort  of  club.  The  points,  P  P, 
of  No.  83  were  fashioned,  no  doubt,  for  the  reception  of  fasten- 
ings. The  base  may,  very  likely,  have  rested  in  a  cavity  at  the 
top  of  the  club,  the  bulb  of  the  weapon  forming  the  apex,  as  in 
No.  82. 

No.  34  is  probably  an  unfinished  implement.  It  has,  at  one 
side,  a  gouged,  roundish  cavity ;  a  feature  which  is  common  to 
several  kinds  of  implements,  and  which  sometimes  occurs  under 
conditions  afibrding  clear  evidence  that  the  depression  in  question 
has  not  only  been  artificially  produced,  but  that  it  has  also  been 
subjected  to  use. 

Nos.  35  to  38.  I  add  to  this  group  certain  imperfect  specimens, 
as  also  the  quartz  piece,  No.  38,  which  seems  to  have  been  utilized 
for  rasping  purposes. 


Some  characteristics  of  the  indian  earth  and  shell  mounds 
ON  the  Atlantic  coast  of  Florida.  By  Andrew  E.  Doug- 
lass, New  York,  N.  Y. 

[ABSTRACT.^] 

The  Indian  earth  and  shell  mounds  are  distiihuted  very  evenly 
along  the  Florida  coast  from  the  mouth  of  the  St.  John's  River  to 

^Printed  inltiU  in  the  American  Antiquarian  for  March  and  May,  1885. 
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Disputed  points  concerning  Iroquois  pronouns.    By  Mrs.  Eh- 
MINNIE  A.  Smith,  Jersey  City,  N.  Y. 

[ABSTRACT.] 

The  use  of  pronouns  and  their  relations  to  one  another  may  be 
considered  as  the  greatest  difficulties  which  the  student  of  the 
Iroquois  language  has  to  encounter. 

The  peculiarity  of  diflferent  words  requiring  unlike  pronouns  for 
the  same  person  and  number,  and  the  number  of  these  arbitrarily 
used  pronouns  have  undoubtedly  led  most  pioneers  in  Indian  lan- 
guages into  incorrect  conclusions. 

One  cause  of  confusion,  we  venture  to  say,  was  the  early  divi- 
sion of  these  dialects  into  two  genders  only,  thus  proscribing  the 
neuter  form  with  its  pronoun  it,  and  introducing  the  indetermi- 
nate on  of  the  French.  On  the  contary,  instead  of  the  two  gen- 
ders '^noble  and  ignoble",  we  find  in  these  dialects  the  masculine, 
the  feminine  and  the  neuter,  or  neither,  genders.  The  simple  pro- 
clitic pronouns  of  the  3rd  person,  are  the  only  words  that  specify 
the  gender  of  the  objects  to  which  they  refer.  The  simple  3rd 
person  masculine,  /le,  has  one  pronoun  which  is  always  incorpo- 
rated. It  is  9*a,  which  in  some  of  the  Iroquois  dialects  is  aspirated 
into  h&.  The  r  sound  is  simply  a  trill  of  the  tongue.  The  r&  is 
nearly  equivalent  to  r-r-h-a  which  fully  aspirated  is  h&.  The  sim- 
ple 3rd  person  feminine,  she,  has  three,  yak,  K,  ye  or  y&,  these 
are  also  always  incorporated.  The  simple  3rd  person  neuter  has 
three,  yok  or  yu,  w&  and  ka  which  are  also  always  incorporated. 
The  indeterminate  or  indefinite  pronoun  is  expressed  separately, 
is  indeclinable,  only  taking  a  plural  ending,  and  is  never  com- 
pounded with  verbs  or  their  equivalents.  Sa-k&'-na  is  the  Tusca- 
rora,  some  one,  somebody,  while  on'-kfi,  is  the  Mohawk  word 
some  one,  somebody.  This  pronoun  in  the  singular  when  fol- 
lowed by  its  verb  without  an  incorporated  objective  pronoun,  ex- 
presses its  gender  through  the  verb's  incorporated  nominative; 
as,  some  one  works,  is  some  one  he,  or  she,  works,  thus  :  sa-ka'-na 
rhu'-yu'-na,  some  one  he  works,  or  8&-kS.'-n&  k&-yu'-na,  some  one 
she  works.  Of  animals  and  things,  in  speaking,  one  uses  sta-a- 
wAn'-ta,  something,  as :  st&-a-wftn'-ta  yu-yu-na,  something,  it  works  ; 
or  in  Mohawk,  something  causes  cold,  makes  it  cold,  becomes  some- 
thing it  makes  cold ;  thus :  n&-h6'-ta  w&t-ho'-r&te,  something  it 
makes  cold,  oii'-k&  r&-non'-wes,  some  one  he  loves ;  ou'-k&  ye-non'- 
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wes,  some  one  she  lores ;  u&-ho-ta  k&-non'-wes,  something  it 
loves ;  or  on'-kSh'  r5t-kib'-toB,  someone,  he  looks ;  ou'-kS  yout-kfih- 
tos,  n&-bo'-ta  wftt-kih'-tos,  something  it  looks. 

This  is  the  only  method  of  expreasing  in  theae  dialecta  the  in- 
determinate on  of  the  French,  in  worda  which  have  no  object  pi-o- 
noun.  In  these  words  ne  are  obliged,  by  the  very  nature  of  the 
Iroquois  pronouns,  to  express  determinalely  the  gender  of  the 
"some  one"  or  "something ;"  but  in  words  with  infixed  object 
pronouns,  when  the  Sid  mas.  lie  is  the  subject,  and  the  3rd  mas. 
him  is  the  object,  or  when  the  3rd  maa.  he  is  the  subject  and  the 
Srd  fern,  her  is  the  object,  or  when  the  3rd  feni.  she  is  the  sub- 
ject and  the  Srd  mas.  him  is  the  object,  or  when  the  3rd  fem.  she 
the  subject  and  the  3rd  fem.  lier  is  the  object,  or  when  either  of 
the  sing.  Srd  personal  pronouns,  he  or  she,  is  the  subject  and  the 
sing.  2nd  person,  thee,  is  the  object,  there  can  be  no  gender  or  sex 
expressed.  However  these  genderless  pronouns,  representing 
the  foregoing  relations,  correspond  in  no  way  with  the  subject  pro- 
noun  on  of  the  Fiench.  We  cannot  here  introduce  the  table  of 
relations  proving  the  above,  but  would  inquire  why  in  the  accom- 
panying table  of  the  simple  conjugation,  the  pronouns  of  the 
singular  1st  and  2nd  persons  are  given  in  tlie  same  form  as  are 
afterward  given  by  these  authors  to  indicate  the  relation  beween 
the  1st  and  2nd  subject  and  tbe  Srd  object  pronouns,  as  in 
the  place  of  k-non'-wes,  I  love,  and  s-nou'-wes,  thou  lovest,  they 
have  ke-non-wes,  I  love  one,  and  se-non'-wes,  thou  lovest  one. 
Upon  p^es  31  and  130  Fere  Marcoux's  Grammar  we  find  the  fol- 
lowing :  on  is  the  3rd  person  indefinite,  and  is  found  in  all  verbs 
and  all  time.  And  In  the  conjugations  the  feminine  eUe,  or  she,  is 
applied  to  all  things  which  in  Snglish  require  tbe  pronoun  it,  and 
the  indeterminate  on  is  made  to  serve  under  exceptions  (for  to 
hia principiee Jixesj  Peie  Marcoux  is  ever  consistent)  for  what,  I 
feel  convinced,  is  the  feminine :  therefore  I  conclude  that  his  fem- 
inine pronouns  are  in  faut  the  neuter  and  his  indeterminate  tbe 
real  feminine  pronouns  which,  I  trust,  will  appear.  Upon 
page  81,  "Essential  remarks  upon  the  usage  of  verbs,"  we  find 
"the  Srd  indefinite  should  be  used  in  place  of  the  Srd  feminine, 
out  of  respect  and  politeness  when  alluding  to  women."  Thus  by 
exception  he  would  allow  us  to  use  what,  according  to  our  table, 
is  In  Teality  the  feminine.  Under  this  note  we  find  the  follow* 
ing  examples :  ke'-ka  nls'-ten-hS.,  I  see  one  my  mother,  for  k-ka'  nis'- 
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ten-h&,  I  see  it,  my  mother ;  ye'-te-ron,  one  abides,  is  at  home,  for 
ken'-te-roD,  it  is  at  home,  abides ;  te-sa-lco-snie  ne-ro*sot'-ha,  he  at- 
tends to  one,  his  grandmother,  for  te-has'-nie  nero-sot'-ha,  he  at- 
tends to  it,  his  grandmother;  yi-ka-wea-he'-yon,  one  is  dead,  for 
yi-wen-he'-yon,  it  is  dead.  In  these  examples  he  enforces  the  use 
of  his  indeterminate  pronoun,  which  is  our  feminine,  in  the  place 
of  his  feminine  which  is  our  it,  and  in  reality  brings  all  woman- 
kind under  their  own  pronouns,  thus  separating  them  from  the  sur- 
rounding of  beasts,  male  and  female,  demons  and  things,  with 
which  he  first  environs  them. 

To  what  an  emergency  Pere  Marcoux  was  reduced  to  uphold 
consistently  his  division  of  gender,  appears  in  the  appended  list 
of  idioms,  in  which  one  reads  (page  132),  ^^It  has  been  said  in  the 
first  part  that  men  alone  were  of  the  noble  gender,  and  that  the 
feminine  gender  belonged  to  women,  animals,  demons,  etc..;  it  is 
for  this  reason  that  ra^-tcin  (he  is  male)  must  be  feminized  when 
speaking  of  animals.  Therefore  one  says,  k&'-tcin,  she  is  male. 
It  is  unnecessary  to  say  that  the  translation  which  our  classifica- 
tion of  gender  would  allow  for  the  latter,  rendering  the  ka'-tcin  (it 
is  male)  is  the  correct  one.  Again,  upon  page  56,  under  imper- 
sonal verbs,  Fere  Marcoux  remarks  that  these  verbs  have  but  one 
person  to  each  time  and  that  this  is  always  ^^the  3rd  person  fem- 
inine." For  instance  where  in  the  French  one  would  say  '*il  pleut,'» 
which  in  English  must  be  translated  it  rains,  not  recognizing  an 
it,  he  gives  his  feminine,  which  appears  on  our  table  as  the 
neuter.  For  example  :  yo-ka  no'-res,  it  rains,  wa-ke'-rhas,  it  snows, 
yo-ka-no-ron,  it  rained,  yo-ke-ra-hon,  it  snowed,  en-yo-ka-no-re  it 
will  rain,  en-wa-ke-ra  ne,  it  will  snow,  etc.,etc.  All  of  which  ex- 
amples are  not  impersonal  verbs,  as  their  conjugations,  in  all  per- 
sons and  numbers,  moods  and  tenses,  are  given  fully  in  our 
accompanying  table. 

Upon  page  69  he  continues  further ;  the  personal  verbs  may  be 
used  impersonally  as,  io-ia'nere,  it  is  good,  from  wa-kia'-ne-re,  I 
am  good  ;  io-te-re-wis'-on,  it  is  a  finished  matter,  from  wa-ka-te-ri- 
wi-son,  I  finished  my  business,  made  a  contract ;  ioii-we-sen,  it  is 
pleasant,  etc.,  •  from  wa-kon-we'-sen,  I  am  pleasant,  agreeable ; 
io-tsa'-nit,  it  is  terrible,  from  wa'-ke'-tsa-nit,  I   am  terrible,  etc. 

The  necessity  which  Pere  Marcoux  here  finds  for  impersonal- 
izing  all  verbs  in  order  to  give  to  the  pronoun  he  has  denominated 
she,  its  proper  sense,  in  a  manner  divides  gender  into  the  three 
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divisions  which  we  have  claimed  for  it.  Furthermore,  by  thus  im- 
personalizing  all  verbs,  cauaiog  the  feminine  pronoon,  she,  to 
represent  always  the  English  it,  and  the  indeterminate  "on",  to 
stand,  by  exception,  for  the  she,  we  find  ourselves  really  occupy- 
ing the  same  ground  ;  F4re  Marcoux's  arrangement  suiting  better 
the  understanding  of  the  French  student  and  the  other  certainly 
simplifying  the  language  to  the  English  mind. 


Local   wbather  lore.     By  Amos  W.  Butler,   of  Brookville, 
Ind. 

Weather  lore  Is  peculiar  to  no  particular  people.  No  nation 
exists  but  what  has  some  popular  beliefs  regarding  weather  Bigns. 
The  ideas  involved  are  as  old  as  written  history. 

In  Great  Britain  several  works  have  been  published  on  the  sub- 
ject of  popular  weather  sayings,  but  in  this  country,  with  the  excep- 
tion of  the  little  volume  of  "  Weather  Proverbs"  by  Lieut.  Dun- 
woody,  published  by  the  Signal  Service,  I  know  of  no  publication. 

Many  curious  sayings  have  been  transported  from  Germany  and 
Great  Brjtain  and  have  found  a  lodgment  in  America.  Some  of 
these  still  retain  their  original  form  and  meaning.  There  are 
others,  however,  which  we  can  not  appreciate,  owing  to  the  fact 
that  the  idea  is  misapplied. 

The  advent  of  rapid  and  easy  communication  marks  an  epoch  in 
the  social  life  of  the  human  race.  We  are  upon  the  borders  of  two 
periods.  The  shadows  of  the  superstitions  of  our  fatliers  hang 
round  about  us  as  we  are  entering  the  period  enlightened  by  scien- 
tific meteorology.  The  rapid  increase  in  the  knowledge  of  meteorol- 
ogy, together  with  sufficient  means  for  itsdistribution,  has  materially 
changed  many  ideas  in  regard  to  the  causes  and  forecasts  of 
weather.  With  the  age  that  is  now  passing  away  will  be  lost  many 
of  the  quaint  and  curious  sayings  of  the  olden  time.  It  behooves 
us,  therefore,  to  apply  ourselves  that  this  much  of  the  social  history 
of  our  ancestors  be  not  permitted  to  pass  away  with  them.  What 
would  we  not  give  bad  we  an  account  of  the  folk  lore  of  the  differ- 
ent European  nations  for  the  last  two  centuries,  to  say  nothing  of 
A.  A.  A.  e.,  VOL.  xxxiu.  39 


^10  svcnoK  H. 

the  period  before  that?  A  half  centary  hence  much,  which  may 
fww  be  preserved  with  little  effort,  will  have  gone  forever.  No 
doubt  tliere  are  many  proverbs  which  have  become  obsolete,  and 
perhaps  many  more  are  rapidly  approaching  extinction. 

The  weather,  no  doubt,  attracted  the  attention  of  men  from  the 
beginning  of  time.  By  continued  watching,  certain  real  or  fanciful 
relations  between  weather  changes  and  various  objects  have  been 
noted  and  arranged  into  popular  form. 

These  proverbs  form  the  basis  of  a  peculiar  system  of  meteor- 
ology which  is  now  passing  away. 

Certain  ideas  in  somewhat  similar  forms  appear  to  be  world-wide. 
By  far  the  greater  number  of  proverbs,  however,  are  of  a  local 
character,  having  only  a  local  significance. 

The  study  of  "  Weather  Lore  "  is  of  twofold  importance :  first, 
its  relation  to  established  meteorological  laws ;  second,  its  value 
considered  from  a  sociological  standpoint. 

It  is  not  the  province  of  this  paper  to  discuss  the  truth  of  any  of 
these  proverbs,  but  many  of  them  will  be  found  to  be  based  upon 
principles  which  the  most  recent  meteorological  investigations 
have  demonstrated  to  be  true. 

The  proverbs  of  general  distribution  have  been  treated  before. 
I  shall  therefore  confine  my  attention  to  certain  prognostics  which 
I  have  collected  from  southeastern  Indiana,  most  of  which,  I 
believe,  have  never  been  printed.  ^ 

I  have  omitted  entirely  from  this  paper  all  proverbs  I  have  found 
in  Lieut.  Dun  woody 's  article,  but  I  have  introduced  some  of  the 
ideas  he  has  mentioned  in  different  language  from  that  in  which 
they  are  presented  by  him. 

The  two  branches  of  the  White  Water  River  meet  at  Brookville, 
forming  an  acute  angle.  One  comes  from  the  north  and  the  other 
from  the  northwest;  after  uniting,  the  river  pursues  a  slightly 
southeastern  course.  The  valle3's  are  bordered  by  high  hills,  the 
greater  portion  of  which  are  heavily  wooded. 

The  warm  southern  currents  are  those  which  generally  bring 
rain.  From  this  fact  we  can  easily  understand  the  meaning  of  the 
following  proverbs  which  are  commonly  used  in  the  locality  just 
mentioned  :  *'  When  smoke  goes  up  the  stream  it  will  soon  rain  ;*' 
or,  on  foggy  mornings,  is  frequently  heard  ;  '*  When  the  fog  goes 
up  the  river  it  will  soon  rain." 

From  these  examples  we  can  perceive  the  fact  that  even  the 
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most  circumscribed  areas  have  their  eflfect  in  the  production  of 
weather  proverbs. 

A  glance  over  some  of  the  proverbs  I  have  collected  i-eveals 
many  which  are  common  in  certain  Southern  States.  Upon  exam- 
ination I  find  that  the  south  half  of  Indiana  was  largely  settled  by 
people  from  the  Southern  States,  as  far  north  as  upper  Maryland 
and  west  into  Kentucky,  the  greater  portion  of  them  coming  from 
Marj'land,  Virginia,  Kentucky  and  North  Carolina.  Mingled  with 
the  remaining  proverbs  of  the  old  Southern  stock  I  find  many  prog- 
nostics which  suggest  a  Teutonic  origin.  Further  investigation 
reveals  the  fact  that  in  later  yeRvs  a  wave  of  German  emigration 
has  swept  over  this  part  of  the  State  and  has  left  its  impre£>s  upon 
the  *'  Weather  Lore  "  of  this  region. 

Many  proverbs  are  believed  with  religious  devotion.  This  is 
especially  true  among  the  Germans.  With  the  later  generations 
of  the  English  speaking  people  most  of  the  proverbs  of  their  an- 
cestors are  not  only  disbelieved,  but  many  of  them  are  forgotten. 

To  afford  comparisons  with  the  prognostics  prevalent  in  other 
localities  I  have  appended  a  list  of  the  local  sayings  in  regard  to 
the  weather: 

Relating  to  the  moon — "  Circle  round  the  moon,  it  will  rain  soon  ; 
circle  round  the  sun,  it  will  rain  none."  '*When  there  is  a  halo 
'round  the  moon,  the  number  of  stars  visible  within  the  circle  indi- 
cate the  number  of  days  before  it  will  rain." 

Referring  to  fog  and  smoke  are  the  two  proverbs  I  have  before 
mentioned  —  "  When  the  fog  goes  up  the  river  it  will  soon  rain," 
and  "  When  smoke  goes  up  the  stream  it  will  soon  rain." 

Prognostics  regarding  clouds  —  "  Cirrus  clouds  are  known  as 
rain  seed,  and  indicate  an  approaching  storm." 

Regarding  frost — "Three  black  frosts  (in  autumn)  aro  followed 
by  rain." 

Regarding  snow — "  When  snow  comes  from  the  east  or  north- 
east, it  indicates  a  deep  snow."  "  Snow  will  remain  on  the  groiind 
a  week  for  each  day  it  remains  on  the  limbs  of  the  trees." 

Proverbs  relating  to  rain  —  *'  Red  in  the  evening  a  sign  of  fair 
weather ;  red  in  the  morning  a  sign  of  foul  weather."  A  popular 
saying,  which  I  am  informed  was  much  used  in  olden  times  at 
country  parties  when  it  was  raining,  is  as  follows  :  "  More  rain, 
more  rest,  kiss  the  girl  you  love  the  best."  **  More  rain  makes 
the  grass  grow." 

Relating  to  lightning  —  '^  Lightning  in  tlie  south  indicates  dry 
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weather."       '^  LightDiog  in  the  northwest  indicates  rain  within 
twelve  hours." 

Relating  to  wind  —  ^'  When  there  is  no  wind  it  indicates  foul 
weather." 

Many  proverbs  are  mentioned  as  referi'ing  to  different  animals. 
I  give  some  of  them  :  ^^  When  bogs  and  cattle  manifest  uneasiness, 
are  restless,  and  are  apparently  seeking  shelter,  a  change  of  weather 
is  near."  ^'  A  thick  coat  on  fur-bearing  animals  indicates  a  long 
cold  winter."  '^A  well  lined  and  well  filled  squirrel's  nest  indicates 
a  severe  winter."  An  old  trapper  has  given  me  a  few  proverbs  that 
were  formerly  in  vogue  when  many  of  our  now  extinct  animals 
were  still  found :  ^^  When  beavers  are  very  industrious,  collecting 
their  food  early  in  autumn,  it  indicates  a  long,  cold  winter." 
'*  Deer  are  very  playful  before  rain."  "  Foxes  and  wolves  congre- 
gate and  howl  before  a  change  of  weather."  ^'  The  otter,  before  a 
cold  winter,  lays  up  a  large  supply  of  food."  Other  proverbs  taken 
from  those  collected  relating  to  animals  are  as  follows :  *'*'  When 
hogs  gather  up  sticks  and  carry  them  about,  expect  cold  weather." 
^^  Moles  may  be  seen  digging  their  passages  industriously  in  all 
directions  before  rain." 

Proverbs  relating  to  birds  —  "  Crows  seen  in  winter  indicate  an 
early  spring."  ''  When  snow-birds  fly  low,  under  the  bushes, 
appear  restless,  and  when  they  alight  and  erect  their  wings,  it  in- 
dicates cold  weather ;  but  when  they  frequent  the  top  of  bushes, 
are  quiet,  and  do  not  appear  to  be  seeking  covert,  expect  fair 
weather."  "  Ruffed  grouse  drum  more  frequently  before  rain." 
^^  When  turkey  vultures  are  seen  in  winter  it  indicates  warm 
weather  soon." 

Prognostics  concerning  insects — "  When  lightning-bugs  appear 
in  great  numbers  it  indicates  rain."  ^^  When  flies  congregate  in 
the  house  expect  rain  soon." 

Concerning  trees  —  "  When  sycamore  trees  are  very  white  in 
autumn  expect  a  cold  winter." 

Concerning  days — "  If  it  rains  on  Easter  it  will  rain  for  the  next 
five  Sundays,"  '*  No  rain  on  Easter,  no  good  oats  crop."  "  A  suc- 
cession of  warm  days,  followed  by  wind,  will  bring  falling  wefether." 
*'*'  A  white  Christmas  makes  a  green  Easter." 

Proverbs  relating  to  months  —  **The  first  three  days  of  March 
rule  March,  April  and  May."  ^'  A  dry  June  never  made  a  dear 
bushel  of  corn." 

General  prognostics  —  '*  When  a  pitcher  of  water  sweats  it  will 
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Boon  rain."  "  When  a  cellar  becomes  damp  in  summer  expect 
rain."  **  Human  hair  curls  before  rain."  "  Artificial  hair  will  not 
remain  cnrled  in  wet  weather."  '*  When  plastering  or  masonry  is 
hard  to  dry,  mechanics  say  it  indicates  rain." 

I  have  now  presented  to  you  the  gi'eater  part  of  the  local  prog- 
nostics I  have  collected.  Some  of  the  members  of  this  association 
may  wonder  why  such  a  paper  should  be  presented.  Many  of  us, 
I  think,  enjoy  such  papers  because  they  are  of  a  popular  character ; 
besides,  they  treat  of  a  long  neglected  branch  of  sociological  study. 


The  sacred    pipes    op    friendship.    By  Francis  LaFlesche, 
Indian  Bureau,  Interior  Dept.,  Washington,  D.  C. 

[abstract.'] 

The  Oraahas  have  two  sacred  pipes  which  belong  to  the  entire 
tribe  and  are  in  charge  of  the  sub-gens  called  the  "Ne-ne-ba-tan" 
of  the  In-kae-ra-bae  gens.  According  to  tradition,  one  set  of 
pipes  was  given  to  the  whole  tribe  in  common,  and  one  pipe  to 
each  gens  of  the  tribe  who  appoint  one  of  its  sub-gens  called 
"Ne-ne-ba-tan"  to  take  charge  of  the  same.  To  the  different  gens 
of  the  tribe  were  also  given  tobacco  pouches  made  of  various  ani- 
mals and  bird  skins.  Rituals  are  connected  with  each  of  these 
sacred  pipes. 

The  "Ne-ne-ba  Wea-ah-wan,"  or  the  pipes  to  sing  with,  are  com- 
monly spoken  of  by  the  Omahas  as  a  branch  of  the  sacred  peace 
pipes  of  the  whole  tribe,  and  are  used  to  form  ties  which  are  con- 
sidered more  sacred  than  the  natural  ties  of  relationship.  "Fa- 
ther," "Son,"  are  the  only  terms  used  to  denominate  the  tie  formed 
by  these  pipes. 

A  man  who  has  been  initiated  and  taught  the  ritual  can  "tie  the 
friendship  pipes."  Each  article  used  and  each  ornament  fastened 
to  th^  stem  has  a  significance  and  meaning  which  is  stated  in  the 
ritual  and  which  must  be  recited  in  low  tones  by  the  maker,  so 
that  no  one  may  overhear,  as  he  prepares  and  ties  each  article  on. 
The  following  articles  are  used  : — 

I  This  paper  will  be  given  in  full  in  the  Report  of  the  Peabodjr  Maaenm  of  Ameri. 
can  Archaeology  and  Ethnology,  Cambridge,  Mass. 
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Ash  for  the  stem,  red  and  green  paint,  tanned  skin,  two 
kinds  of  eagle  feathers,  owl  feathers,  head  of  the  woodpecker,  duck 
bill  with  the  skin  of  head,  neck  and  breast  attached,  and  hair  of  the 
rabbit. 

When  the  wood  is  seasoned  and  the  pith  removed,  the  length  of 
the  pipe  stems  is  measured  off  by  seven  stretches  of  the  thumb 
and  forefinger,  this  being  tlie  measure  for  sacred  pipes.  The 
pipes  are  next  painted  in  solid  green.  Green  is  used  to  signify 
tlie  clear  blue  sky  when  there  is  not  a  cloud  to  mar  its  beauty  and 
peace.  When  the  green  paint  on  the  stem  is  dry  a  straight  groove 
is  cut  the  length  of  the  pipes  and  painted  red.  This  groove  is 
shown  the  youngest  child  of  the  man  who  is  made  '*8on'*  by  the 
receiving  of  the  pipes.  The  ritual  of  the  pipes  is  given  to  the  man 
made  ^^son"  through  the  innocent  child  who  is  too  young  to  re- 
member the  sacred  words  and  therefore  selected  so  that  the  ritual 
may  not  pass  beyond  the  father  of  the  child.  All  the  other  arti- 
cles are  placed  upon  the  pipes  sj'mbolically  and  in  accordance 
with  the  ritual. 

Two  gourd  rattles  belong  to  these  pipes  and  are  used  with  them 
in  singing  the  songs  of  the  ceremony.  A  wild-cat  skin  and  a 
crotched  stick  serve  as  a  nest  and  resting  place  for  the  pipes. 
The  crotched  stick  is  painted  red  for  the  same  meaning  as  the 
streamers.  A  sacred  car  of  corn  also  belongs  to  the  pipes  and  is 
painted  at  one  end  in  the  same  manner  as  the  gourds  and  tied  to 
sticks  painted  red  having  a  downy  feather  at  one  end.  The  corn 
is  used  to  bless  each  child  who  brings  the  gift  made  by  its  parents 
to  the  pipes.  No  levity  is  allowed  while  the  pipes  are  taken  up 
and  the  songs  are  being  sung.  The  gracefulness  and  the  solem- 
nity of  the  ceremonies  can  hardly  be  described. 

When  the  pipes  are  at  ceremonial  rest  the  bearers  take  their 
seats  behind  the  pipes  within  easy  reach,  and  never  leave  them  un- 
less it  is  absolutely  necessary  during  the  ceremonies  which  last 
four  days  and  nights.  Ko  one  is  permitted  to  go  between  the 
pipes  and  the  fire  except  for  the  purpose  of  making  presents  to 
them. 

On  the  fourth  morning  the  youngest  child  of  the  man  to 
whom  the  pipes  have  been  brought  is  carried  to  the  lodge  in  which 
the  ceremonies  conhected  with  the  pipes  have  been  performed. 
The  party  bringing  the  pipes  go  after  the  child  with  songs  and 
ceremonies  appropriate  to  the  occasion.      A  song  is  sung  when 
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Standing  at  the  entrance  of  the  door  of  the  1o<lge  when  starting 
for  tlie  ^'hun-ga,"  as  the  ohild  is  called.  ^^Hun-ga"  means  the 
leader,  or  the  ancient  one.  The  child  is  brought  with  ceremony 
on  account  of  its  innocence  and  gentleness,  which  is  representa- 
tive of  peace  and  docility. 

The  goods  brought  by  the  "wa-wan"  party  for  distribution  to 
those  who  gave  horses  are  called  ^'huu-ga-wa-in/'  hun-ga  blankets, 
and  one  is  given  to  every  man  who  made  a  gift  to  the  pipes.  It  is 
the  custom  to  give  these  to  the  poor  of  the  tribe  if  the  receiver 
desires  to  count  the  number  of  presents  he  made  to  the  pipes. 
A  man  must  count  a  certain  number  of  presents  that  be  has  made 
to  the  pipes  before  he  can  be  numbered  among  the  braves  of  the 
tribe  and  have  the  privilege  of  tattooing  the  sign  on  his  daughter's 
forehead,  which  is  a  round  blue  spot  representing  the  sun. 


Obsekvations   upon   the   usage,  symbolism   akd  influence  of 

THE   sacked    pipes   OF   FELLOWSHIP   AMONG   THE   OmAHAS.      By 

Miss  Alice  -C.  Fletcheb,    Peabody  Museum,   Cambridge, 
Mass. 

[ABSTRACT.!] 

The  Omaha  tribe  of  Indians  is  divided  into  ten  gentes.  Each 
gens  is  composed  of  several  bands  or  sub-gens.  The  order  of  the 
gentes  is  as  follows : 

Those  upon  the  north  half  of  the  circle,  or  the  In-sta<sun-da 
side,  beginning  at  the  east,  are : 

In-sta-suu-da. 

In-grae-ze-dae. 

Ta-pa. 

Tae-sin-dae. 

Ma-thin-ka-ga-hae. 
Those  upon  the  south  half  of  the  circle  or  the  Hun-ga-chey-nu 
side,  beginning  at  the  east,  are : 

Wae-zin-stae. 

In-kae-aab-ba. 

Hun-ga. 

Tha-ta-da. 

Kan-sae. 

>The  paper  will  be  given  In  full  In  the  Report  of  the  Peabody  Museum  of  American 
Archeology  and  Ethnology,  Cambridge. 
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According  to  one  tradition  seven  pipes  were  distributed  among 
seven  sub-gentes  of  the  following  gentes :  In*kae-sab-ba,  Tha- 
ta-da,  Kan-sae,  Ma-tbin-ka-ga-hae,  Tae-sin-dae,  Ta>pa,  In-sta- 
sun-da.  Another  tradition  says,  that  seven  sacred  taboo  articles 
were  given  to  these  same  sub -gentes  as  the  equivalents  of  pipes. 
And  still  another  states  that  seven  old  men  brought  the  sacred 
pipes  and  passed  around  the  tribal  circle,  distributing  sacred  arti- 
cles and  assigning  duties  connected  with  them. 

At  the  present  time  only  the  two  tribal  pipes  in  charge  of  the 
^^  Ne-ne-ba-tan"  sub-gens  of  the  In*kae-sab-ba  are  known.  The 
pipes  said  to  belong  to  the  previously  named  gentes  are  spoken  of 
as  existing,  but  it  seems  probable  that  they  are  symbolic  or 
potential,  rather  than  actual.  The  sacred  pipes  of  war  are  dis- 
tinct from  the  tribal  pipes  already  mentioned. 

Tiie  "  Ne-ne-ba-wea-wan"  or  the  sacred  pipes  of  fellowship  are 
spoken  of  as  the  branch  of  the  tribal  pipes.  The  Inference  from 
ttiis  term  would  be  that  the  former  pipes  were  secondary  in  their 
character,  whereas  there  is  evidence  that  they  are  of  a  general 
character,  and  that  as  between  the  two,  the  tribal  pipes  are  the 
special  ones. 

The  symbols  used  in  these  pipes  are  such  as  to  appeal  strongly 
to  the  Indian  mind  and  religious  belief.  The  Omahas  have  two 
sacred  trees,  the  ash  and  the  cedar.  The  ash  is  connected  with 
the  beneficent  natural  powers.  The  cedar  is  linked  with  the  de- 
structive agencies,  thunder,  lightning,  wars. 

Seven  spans  is  the  length  of  a  sacred  pipe.  Tradition  gives 
seven  sacred  pipes  to  the  tribes,  or  seven  sacred  articles,  the 
equivalent  of  the  pipe,  or,  seven  old  men  bestow  the  pipes ;  in 
every  tradition  the  pipes  are  meted  out  by  seven. 

Seven  is  repeated  four  times  in  the  symbolical  arrangements  of 
the  pipes.  There  are  seven  ceremonial  movements  or  positions  of 
the  pipes.  The  ceremonies  connected  with  the  pipes  are  divided 
into  seven  parts.  Seven  articles  are  needed  and  used  for  the  cere- 
monies. Seven  is  regarded  as  related  to  astronomical  worship, 
and  many  of  the  articles  used  on  the  pipes  seem  to^be  allied  to 
such  religious  ideas.  The  ritual  gives  similar  reference.  The 
ritual  is  secret.  Comparatively  few  Indians  have  been  able  to 
obtain  it,  as  a  strong  endorsement  of  the  man's  character  is  nec- 
essary, and  he  is  also  required  to  make  large  gifts,  in  order  to 
secure  a  knowledge  of  the  ritual.    To  old  and  young,  however, 
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the  symbolism  of  the  pipes  is  more  or  less  apparent ;  myths, 
sacred  personal  names,  objects  of  taboo  and  gentile  distinctions 
are  connected  with  the  different  articles  that  appear  on  the  pipes. 
These  yarious  emblems  are  interwoven  in  the  thoughts  of  the 
people,  their  ceremonials,  traditions  and  stories ;  their  personal 
experience,  their  dreams,  and  in  fact  everything  which  links  their 
lives  with  the  seen  and  unseen. 


TITLES  OF  OTHER  PAPERS  READ  IN  SECTION  H. 

The  thrbb  culture  periods.    By  Prof.  J.  W.  Powell,  Director 

of  the  Bureau  of  Ethnology,  Smithsonian  Institution,  Wash- 
ington, D.  C. 
Mythology  of  the  Wintuns.     By  Prof.  J.  W.  Powell,  Director 

of    the    Bureau    of    Ethnology,    Smithsonian     Institution, 

Washington,  D.  C. 
Some  parallelism  in  the  evolution  of  races  in  the  old  and 

NEW  WORLD.    By  Dr.  Daniel  Wilson,  President  University 

College,  Toronto,  Canada. 
Remarks  on  North  American  races  and  civilization.      By 

Edward  B.  Tylor,  F.  R.  S.    Oxford,  England. 
Formation  of  Iroquois  words.    By  Mrs.   Erminnie  A.   Smith, 

Jersey  City,  N.  J. 
Etymology  of  the  Iroquois  word  Rha-wen-ni-tu.     By  Mrs. 

Erminnie  A.  Smith,  Jerse}'  City,  N.  J. 
Omaha   child   life.^      By  Miss  Alice  C.  Fletcher,    Peabody 

Museum,  Cambridge,  Mass. 

ARCHiEOLOGICAL     EXPLORATIONS     BY    THE     PeABODY     MuSEUM     OF 

American  Archeology  and  Sthnology,^  communicated  bt 
request  of  the  trustees  of  the   museum.     by  f.   w. 
Putnam,  Curator  Peabody  Museum,  Cambridge,  Mass. 
Description  of  the  human  remains  found  in  the  ^^  intrusive 
pit"  in  the  large  mound  of  the   Turner   group,  little 

'These  papers  will  be  published  in  the  Reports  of  the  Peabody  Museum. 
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Miami  vallkt,  Ohio,  during  the  explorations  of  Messrs. 

PcjrNAH  AND  Mktz.^     By  Miss  C.  A.  Stcjolbt,  Assistant  iu 

the  Peabo<1y  Museum,  Cambridge,  Mass. 
The  manner  in  which  Indians  made  tueib  stone  implements.  By 

P.  R.  Hoy,  M.  D.,  Racine,  Wis. 
The  importance  op  the  study  of  primitive  architecture  to  an 

understanding  of  tub  prehistoric  age  in  America.^    By 

Rev.  S.  D.  Peet,  Clinton,  Wis. 
Uses  ov  the  emblematic  mounds.^    By  Rev.  S.  D.  Peet,  Clinton, 

Wis. 
Tribal  and  clan  lines    recognized  among  the    emblematic 

MOUND8.3    By  Rev.  S.  D.  Peet,  Clinton,  Wis. 
Evolution    of  animal  life  illustrated   bt  a  study  of  the 

emblematic  mounds .3    By  Rev.  8.  D.  Peet,  Clinton,  Wis. 
The  dikferknt  races  who  built  mounds  in  Wisconsin.^    By  Rev. 

8.  D.  Peet,  Clinton,  Wis. 
A  SEARCH  in  British  North   America  for  lost  colonies  of 

Northmen  and  Portuguese.    By  R.  G.  Haliburton,  Q.  C, 

Ottawa,  Canada. 
Upon  the  evolution  of  a  race  of  deaf-mutes,  in  America.^ 

By  Dr.  A.  Graham  Bell,  Washington,  D.  C. 

•  ThU  paper  will  be  published  in  the  Reports  of  the  Pcabody  Museum. 

*Tlie«o  piipcrs  will  be  puUlished  in  the  Aiuorican  Antiquarian. 

APubliiiied  in  full  in  tbe  Meu)oiri  of  tlte  Nationiil  Academy  oT  Sciences,  18S5. 
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ECONOMIC  SCIENCE  AND  STATISTICS. 


GENERAL  JOHN  EATON, 

TICE  PKBSIDENT,  SECTION  I.    ECONOMIC  SCIENCE  AMD  STATrSTICS. 


SCIENTIFIC    METHODS    AND    SCIENTIFIC  KNOWLEDGE    IN 
COMMON  AFFAIRS.^ 


The  speaker,  after  calling  attention  to  the  Aame  of  the  eeclion 
as  expressive  of  its  purpose  and  functions,  spoke  of  the  apparent 
neglect  of  the  thoughts  and  interests  of  ordinary  life  by  scien- 
tists. Science,  it  is  true,  has  had  to  struggle  for  existence 
and  has  hod  to  choose  the  most  defensible  positions  for  its  early 
work,  but  the  time  has  now  come,  at  least  in  this  practical  land, 
when  it  must  interest  itself  in  eveiy-day  topics.  The  methods  of 
mathematical  science  may  explain  statical  and  dynamical  sociol- 
ogy as  well  as  statical  and  dynamical  physics.  Of  course  the 
consideration  of  such  topics  must  be  conducted  with  a  constant 
recognition  of  the  freedom  of  individual  will  and  action  as  well  as 
of  the  substantial  regularity  of  cause  and  effect  as  shown  among 
great  numbers  of  people  over  long  periods  of  time.  Science  has 
already  destroyed  augury  by  the  flight  of  birds,  and  will  hereafter 
put  an  end  to  notions  equally  baseless,  though  still  potent  in  the 
most  common  translations  of  commerce  and  agriculture.  He 
would  need  to  be  better  at  cataloguing  than  Homer  was,  who 
should  attempt  to  name  the  myriad  groundless  notious  that  to- 
day regulate  or  effect  the  conduct  of  personal  or  public  affairs  in 
these  days  of  scientific  triumph. 

After  mentioning  some  of  the  effects  sure  to  result  from  the  en- 
trance of  science  into  common  life,  the  speaker  further  and  more 
minutely  instanced  the  effect  of  the  production  and  use  of  meas- 
ures and  weights,  both  of  the  progress  of  practical  science  itself 
and  on  the  comfort  and  security  of  man,  as  an  example  of  the  way 
1  AbEliact  or  addteaa  lij  Ui«  Secretmr  of  tbe  Sectlan. 
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in  which  scientists  might  aid  humanity  in  many  directions.  Bat 
the  desire  for  "original  research'*  has  filled  most  scientific  minds 
to  the  exclusion  of  "useful  adaptation.'*  Is  science  for  man,  or 
man  for  science?  and  is  there  any  good  in  science  'which  is  not 
measured  by  its  benefit  to  mankind?  How  much  patience  is  shown 
in  observing  the  habits  of  a  mosquito,  and  how  little  when  asked 
to  tell  the  world  about  it  in  a  useful  way.  Do  not  some  scien- 
tists  believe  that  the  dissemination  of  scientific  truths  is  beneath 
their  dignity?  Do  not  some  of  them  believe  or  behave  as  if 
they  believed  that  truth  is  not  really  truth  till  garbed  in  their  termi- 
nology? We  all  know  collegians  who  would  not  relish  thefr  tri- 
ennial catalogue  unless  printed  in  the  customary  bad  Latin.  All 
such  (oolish  notions  ill  befit  science  if  it  is  to  become  the  liand- 
maid  of  man  in  daijy  life. 

The  teaching  of  scientific  truth  is  as  respectable  as  its  dis- 
cover}', and  will  become  j^et  more  deserving  of  respect  when  a 
truly  scientific  way  of  teaching  becomes  more  general ;  for,  con- 
trary to  common  opinion,  the  scientific  method  of  instruction  is 
more  rare  and  less  understood  than  the  scientific  method  of  re- 
search. 

This  scientific  teaching  method  knows  that  early  life  is  the 
shaping  period  of  all  men's  existence,  and  for  most,  the  chief  time 
for  acquiring  knowledge  ;  hence  the  law  of  simplicit}'^  and  lucidity 
in  using  words  and  the  law  of  presenting  things  concretely  in- 
stead of  abstractly,  are  fundamental  rules  in  its  code,  leaving 
scientists  at  perfect  liberty  to  use  other  kinds  of  words  and  metli- 
ods  whenever  deemed  necessary  for  the  exact  expression  or  sure 
preservation  of  scientific  truth. 

This  scientific  method  of  teaching  is  now  needed  to  preserve  the 
classical  branches  from  impending  disuse.  If  adapted  and  ap- 
plied everywhere  in  scholastic  instruction,  it  would  speedily,  and 
very  greatly  increase  the  number  of  people  interested  in  the  higher 
and  abstruser  parts  of  intellectual  effort,  scientific  as  well  as  literary 
and  classical,  theoretical  as  well  as  practical. 

This  scientific  method  of  instruction,  if  properly  understood, 
would  demonstrate  its  own  economy,  and  in  its  light  the  general 
instruction  of  the  whole  community  becomes  a  condition  prece- 
dent to  the  promotion  of  science,  and  its  data  are  fit  subjects  for 
our  discussion  here. 

The  men  who  wish  to  make  science  practical,  also  wish  to  make 
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it  familiar  to  all ;  every  agency  for  its  effective  and  rapid  dissemi- 
nation is  welcomed  be  it  periodical,  museum,  or  treatise.  It  is 
only  by  substitution  that  we  can  get  rid  of  low  and  vile  books  ; 
the  useful  and  the  beautiful  variously  prepared  for  varying  tastes 
and  capacities,  will  gradually  introduce  scientific  fact  and  moral 
truth  into  every  mind  which  needs  either  for  its  full  development 
or  further  employment. 

What  shall  these  books  be?  An  all  important  question:  cer- 
tainly they  must  contain  whatever  of  value  science,  art  and  morals 
have  found. 

To  this  formulation  of  useful  knowledge  for  the  daily  use  of  man, 
everything  is  pointing.  Every  invention  tends  to  centralize  the 
thought  and  action  of  the  world  to  this  end.  The  time  is  ap- 
proaching when  every  science  will  exist  as  a  whole,  while  yet  re- 
lating itself  to  every  art  and  yielding  its  practical  lessons  for  the 
use  of  every  man ;  the  influence  of  this  condition  will  begin  with 
birth  itself. 

The  speaker  then  enlarged  somewhat  on  the  province  of  the 
census  and  other  publications  of  the  government,  federal,  state, 
and  local ;  favoring  the  idea  of  making  local  publications  appear 
at  short  intervals  of  time,  and  contain  minute  details,  while  the 
decennial  census  should  be  of  vastly  wider  scope  than  is  usual  in 
such  publications. 

The  local  publications  could  easily  be  made  to  contain  items  in- 
tended for  summary  by  intermediate  instrumentalities  of  govern- 
ment, and  these  in  like  manner  might  provide  for  summaries  by 
the  state  and  finally  the  nation. 

As  an  instance  of  voluntary  cooperation  as  an  effective  agency 
in  the  collection  of  information  for  the  public  use,  the  speaker 
mentioned  the  annual  report  of  his  own  office,  the  National  Bu- 
reau of  Education.  Were  such  publications  common  in  other 
branches  of  public  life  and  interest,  each  nation  might  distil  them 
into  a  volume  for  the  use  of  all  others,  and  thus  a  solid  founda- 
tion for  internationalism  of  a  truly  noble  and  scientific  kind  might 
be  laid. 


^ 
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Commercial  relations  op  the  Ukited  States  with  Spain  and 
HER  colonies.  By  His  Excellency  Don  Abturo  de  Mar- 
coartu,  Madrid,  Spain. 

[ABSTRACT.] 

On  many  occasions  the  development  of  the  commerce  between 
the  United  States  and  the  Spanish  Antilles  has  been  recom- 
mended, but  this  is  the  first  time,  I  believe,  that  the  improvement 
of  the  relations  of  all  Spain,  I  mean  of  the  Spanish  Peninsula 
and  her  colonies,  with  the  United  States  has  been  discussed  in 
public. 

At  this  very  moment  the  American  and  Spanish  governments 
are  negotiating,  in  Madrid,  a  treaty  of  commerce  between  this 
country  and  Cuba  and  Porto  Rico.  No  doubt  such  a  treaty  can 
increase  the  wealth  and  the  enjoyment  of  the  commodities  of 
both  countries,  but  North  America  and  Spain,  the  most  south- 
western state  in  Europe,  have  adequate  products  to  exchange  and 
want  to  supply  each  other. 

The  following  statements  give  an  idea  of  the  imports  and  ex- 
ports of  the  United  States  and  Spain  and  her  colonies  in  America 
(Cuba  and  Porto  Rico),  in  Africa  and  in  the  Pacific  (Philippine 
Islands) . 


imports  into  the  united  states. 


Spaio, .    •    . 

Cuba, 

Porto  Rico, 

Spanish  Possessions  in  AfVica, 
All  other  Spnnlsh  Posseseious, 


Total  imports  Arom  Spain  and   her 
colonies, 


Total  impoits  Into  the  United  States, 


1880. 

6.786,064 

65,743.164 

4,288,136 

180,605 

8,6b*»,679 


84,668,188 


$696,807,175 


1881. 

$    6,283,349 

62,281.246 

4,014.391 

288.794 

8,926,410 


82,884,193 


$670,209,693 


1883. 


$66,644,634 
6,477,498 
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The  principal  imports  into  the  United  States  from  Cuba  are 
sugar,  molasses,  tobacco,  and  manufactures  of  this  article.  The 
principal  imports  of  Forto  Rico  are  sugar,  molasses  and  coffee. 

EXPORTS  FROM  THE  UNITED  STATES. 


Spain, 

Cuba, 

Porto  Rico, 

SpaDieh  Possessions  In  Africa, 
All  other  Spanish  Possessions, 


Total  exports  to  Spain  and  her  colo- 
nies,       


Total  exports  of  the  United  States,  . 


1880. 

$  14,141,375 
11^2,370 

219,611 
1,551 


27,578,7«7 


$889,683,422 


1881. 

$  IS.683.684 

10.96S,4(>4 

1,800,464 

218,261 


M,753,S42 


$8S3,547,597 


1883. 


$15,108.70$ 
2,164,706 


THE  TOTAL  EXPORTS  AND  IMPORTS  OF  SPAIN  AND  HER  COLONIES   ARE 

AS  FOLLOWS: 


Imports, 
Exports, 


1880. 
$84,568,138 
27,578,767 


1881. 
$82,394,192 
$6.753.84& 


$112,146,905  $109,147,534 

THE  TOTAL  IMPORTS  AND  EXPORTS  OF  THE  UNITED  STATES  ARE: 

1880 $1,586,490,598 

1881       1;M)3,757,290 


The  principal  exports  from  the  United  States  to  the  Spanish 
Antilles  are  living  animals,  bread,  breadstuffs,  coal,  some  cotton 
.manufactures,  drugs,  acids  and  mineral  oils. 

The  total  commerce  of  25,000,000  of  inhabitants  in  Spain  and 
her  colonies  with  the  50,000,000  in  the  United  States,  is  only 
110,000,000  of  dollars  made  by  75,000,000  of  people,  or  making 
yearly  1.4  dollar  per  head ;  a  very  insignificant  figure,  considering 
the  advantageous  conditions  given  by  nature  to  the  American 
Union  and  Cuba,  in  their  proximity  and  the  difiference  of  products 
to  be  exchanged. 

An  examination  of  the  suffering  condition  of  the  trade  between 
America  and  Spain  shows : 

1.  That  the  letters  for  Spain  from  Boston,  New  York,  Phila- 
delphia, Baltimore,  in  fact,  from  all  the  states  of  the  American 
Union,  generally  go  to  northern  latitude  (Liverpool),  and  come 
down  to  southern  latitude  in  the  Iberian  Peninsula,  about  the 
same  latitude  as  tiiat  of  the  principal  American  cities ;  that  is  to 
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Bay,  that  letters  between  Spain  and  Noitb  America  are  uselessly 
made  to  take  twice  the  time  and  to  go  double  the  distance  that 
they  alioitld. 

2.  Cablegrams  between  Xew  York  and  the  Iberian  peninsnla 
go  by  to  the  iiorlliward  of  that  territory,  and  therefore  double  the 
distance,  time  and  money, 

3.  Heavycustoms  tariff  and  irregular  difficulties  in  the  consular 
regulations  hinder  the  national  expansion  of  trade  between  such 
rich  countries. 

In  regard  to  the  cablegrams  between  North  America  and  Spain 
it  is  expected  that  a  new  cable  will  produce  before  long  a  reduc- 
tion in  price  and  time, 

Tlie  yearly  direct  commerce  of  to-day  between  the  United 
States  and  the  Iberian  peninsula,  without  taking  account  of  smug- 
gling at  Gibraltar,  is : 


•10,471,780 

No  doubt,  this  commerce  will  be  much  increased  with  the  re- 
duction of  the  tariff  in  both  countries,  and  improving  the  tele- 
graphic and  postal  communications ;  but  the  present  commerce  is 
a  sound  basis  on  which  to  establish  a  direct  and  regular  line  of 
steamers  between  the  United  States  and  the  Iberian  peninsula. 

The  splendid  ports  of  Vigo  and  Lisbon  are  within  the  extreme 
latitude  of  Boston  and  Baltimore.  The  distance  from  Vigo  to 
the  American  ports  is  much  shorter  than  the  distance  from  Liver- 
lK>ol  to  Boston,  New  York,  Philadelphia  or  Baltimore.  The  road 
f^-om  Vigo  to  New  York  is  farther  from  danger  of  the  icebergs 
than  the  road  between  Liverpool  to  New  York,  and  less  exposed  to 
fogs  and  collisions  at  sea.  In  every  season,  but  specially  during 
the  winter,  the  track  from  Vigo  or  Lisbon  to  New  York  will  be 
more  pleasant  than  the  northern  track.      And  always  being  the 


628  sxcnoK  i. 

that  such  a  steamer  as  the  Umbria  oould  easily  accomplish  the 
voyage  between  Vigo  and  New  York  in  the  six  days  named  by 
vou." 

This  American-Spanish  line  will  be  the  shortest,  pleasantest, 
quickest  and  cheapest  in  time  and  in  money  for  crossing  the  At- 
lantic from  and  to  the  majority  of  eastern  states. 

The  tariffs  must  be  arranged  to  allow  the  exportation  all  over 
the  Spanish  territory  of  the  American  cereals,  bread,  coal,  wood, 
cattle  and  meats,  and  some  other  products  wanted  by  the  Spanish 
colony,  and  to  allow  at  the  same  time,  on  the  other  hand,  the  im- 
portation into  the  American  Union  of  wines,  spirits,  molasses, 
sugar,  fruits,  salt  and  other  Spanish  products  required  in  the 
United  States. 

The  English  free-traders  have  written  very  eloquently  against 
American  protection.  A  prominent  minister  of  England  said  that 
the  great  extension  of  the  American  territory  saves  this  great 
nation  from  the  ruin  which  would  be  carried  by  their  tarifi'^s  sys- 
tem. But  at  the  same  time  that  those  Europeans  are  right  in 
preaching  American  free  trade,  they  have  forgotten  the  injuries  of 
our  European  militarism. 

I  believe  that  this  country  would  be  richer  under  more  liberal 
tariffs,  but  between  the  two  evils,  American  protection  and  Euro- 
pean militarism,  I  have  no  hesitation  in  declaring  that  the  Ameri- 
can system  is  less  injurious. 

The  uniformity  of  tariffs  over  all  the  American  territory  is 
equivalent  by  the  extension  and  different  products  to  one  union  of 
customs  (Zollverein)  all  over  Europe.  Nevertheless,  the  high 
American  tariff  is  rapidly  diminishing  the  national  debt  and  in- 
creasing the  population  and  national  wealth.  In  Europe,  milita- 
rism is  only  good  for  the  privileged  manufacture  of  war  implements, 
but  instead  of  diminishing,  the  national  debts,  the  taxation,  and 
the  number  of  paupers  are  increasing. 

Happy  this  great  country  without  conscription,  with  25,000 
soldiers  foi-  60,000,000  of  inhabitants,  and  without  dreams  of  con- 
quest !  Unfortunate  Europe,  with  conscription,  I  say,  with  the 
slavery  in  the  army  for  the  white  race,  with  millions  of  soldiers 
and  raiHions  of  paupers,  and  always  preparing  for  war  1 

Between  the  Spanish  people,  discoverers  of  America,  and  the 
energetic  inhabitants  of  America  there  will  be  no  war.  Let  us 
negotiate  a  treaty  of  international  arbitration  to  submit  all  the 


EOONOMIO    SCIENOE  AND   STATISTICS.  629 

differences  between  Spain  and  America  to  an  international  tri- 
bunal. There  have  been  made  in  Europe  in  late  years  nineteen 
treaties  of  commerce,  with  one  clause  of  international  arbitration. 
I  rejoice  to  see  that  America  is  so  inclined  to  a  peace  policy  that 
the  international  arbitration  system  is  introduced  in  one  of  the 
platforms  for  the  next  Presidential  election. 

I  hope  that  before  long  a  liberal  treaty  of  commerce  between 
the  United  States  and  Spain  will  open  for  both  countries  a  market 
of  75,000,000  of  inhabitants ;  and  a  new  telegraphic  system  and  a 
regular  line  of  steamers  between  the  United  States  and  the  Ibe- 
rian peninsula  will  prepare  a  new  era  of  prosperity  for  the  time  in 
which  the  inter-marine  canal  may  be  opened  to  the  universal 
traffic. 


The  future  of  the  United  States.  By  John  Biddulph  Mar- 
tin, M.  A.,  F.  S.  S.  (Delegate  of  the  Statistical  Societ}"^), 
London,  England. 

[ABSTRACT.] 

The  century  that  has  witnessed  the  development  of  the  United 
States  has  been  one  in  which  the  human  race  has  effected  a  simul- 
taneous revolution  in  the  condition  of  social  life ;  and  the  apprecia- 
tion of  chemistry,  electricity  and  steam,  to  the  purposes  of  daily  use, 
has  both  stimulated  and  been  stimulated  by  the  expansion  of  the 
great  western  republic:  we  have  before  us  the  spectacle  of  a 
highly  civilized  race,  occupying  a  territory  apparently  boundless 
in  extent,  at  a  period  in  the  history  of  the  world  when  all  the  ma- 
terial adjuncts  to  civilization  are  in  their  most  expansive  condi- 
tion. Yet  it  is  beginning  to  be  recognized  that  if  the  recent 
enormous  growth  of  population  has  not  already  brought  us  within 
a  measurable  distance  of  the  time  when  the  soil  will  be  fully  taken 
up,  we  are  rapidly  approaching  a  day  when  the  conditions  of  life 
will  begin  insensibly  to  be  affected  by  the  growing  pressure  of 
population ;  in  fact  the  fixed  size  of  the  country  is  the  unstable 
pivot  on  which  the  whole  machine  turns. 

Of  the  land  area  of  the  United  States  (3,000,000,000  sq.  m.) 
one-third  is  taken  as  unavailable  for  cultivation ;  of  the  remaining 
two-thirds  more  than  three-quarters  is  already  taken   ''for  settle- 
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ment ;"  of  this  837,500  sq.  m.  are  returned  in  the  census  of  1880 
as  farmed  land,  of  which  443,750  sq.  m.  consist  of  improved  land. 
There  is,  therefore,  room  for  much  labor  before  the  full  capacity 
for  production  of  the  land   already  taken  up  is  reached,  but  it  is 
clear  that  everywhere  except  in   the  far  west  there  is  little  new 
land    available    for  cultivation.     Mr.   Porter  estimates   this    at 
140.000  sq.  m. ;  Mr.  Griffin  takes  a  more  liberal  estimate,  at  400,000 
sq.  m.     But  in  view  of  this  fact  that  an  addition  of  5,000,000   to 
the  population  of  the  southern  and  western  states,  10,000,000  to 
the  far  west  states   and  10,000,000   to  the   territories  of  the  far 
west,  would  bring  up  their  population  to  the  present  level  of  the 
thirteen  original  states,  while   the  population  is  at  present  doub* 
ling  itself  in  twenty-five  years,  there  can  be  no  doubt  that  this  in* 
crease  of  25,000,000  will  shortly  be  attained.  The  first  question  is 
as  to  how  this  great  population  is  to  be  fed.     At  the  present  rate 
of  production  America  is  able  to  export  breadstufis  to  10,000,000 
people  outside  her  own  borders ;  but  if  when  all  the  land  is  taken 
up  the  rate  of  production  were  raised  by  improved  agriculture  to 
the  English  level,  the  surplus  would  suffice  for  35,000,000.     The 
development  of  American  agriculture  will  have  to  depend  on  for- 
eign markets  for  its  products,  and  as  the  experience  of  England 
and  America  has  been  that  food-supply  is  the  regulation  of  popu- 
lation, it  may  be  assumed  that  Great  Britain  will  long  supply  a 
market  for  cheap  American  food-products.     But  in  the  meanwhile 
the  urban  population   is  growing  relatively  to  the  country  popula- 
tion and  the   past  may  be  expected  to  exercise  a  retarding  influ* 
ence  on  the  development  of  agriculture. 

Tiiis  great  population,  and  the  supplies  necessary  for  their  use, 
will  require  increased  means  of  transport.  There  was  in  1880  a 
mile  of  railway  in  America  to  every  34.1  sq.  m.  of  land  area,  and 
a  mile  of  railway  to  every  569  inliabitants.  It  will  necessarily 
follow  that  a  large  creation  of  bona  fide  railway  securities  must 
take  place,  but  the  decline  in  the  rate  of  interest  ofiered  nmy  affect 
the  conditions  under  which  they  will  be  offered  to  the  public. 

The  conditions  of  the  public  debt  of  America  are  without  par- 
allel elsewhere  ;  the  rapidity  of  its  erection  was  unprecedented,  but 
in  spite  of  some  uncertainties  as  to  ultimate  payment  on  a  gold 
basis,  the  national  securities  found  a  ready  market  abroad.  Since 
the  national  debt  has  been  placed  on  a  gold  basis  the  advance 
that  has  been  made  in  the  reduction  of  principal  and  interest  has 
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been  gigaatic ;  the  charge  for  debt  is  now  only  ^  of  the  total  rev- 
enne,  aa  compared  with  ^  in  the  United  Kingdom.  It  does  not 
seem  that  this  chaise  can  fail  to  become,  very  shortly,  altogether 
manageable,  and  to  exist  subject  only  to  the  duration  of  time  for 
which  it  was  contracted.  At  the  same  time  the  charges  for  naval 
and  military  purpoaea  will  become  merely  nominal,  and  tlie  na- 
tion will  be  able  to  devote  its  whole  energies  to  its  own  intei-ests 
under  the  most  favorable  conditions  that  have  been  witnessed  in 
the  history  of  the  world. 

But  the  abolition  of  a  national  debt  will  exercise  an  effect  on 
the  general  rate  of  interest,  which  will  tend  to  fall  in  future  as  it 
has  already  done  in  the  lost  few  years;  such  a  fall  would  be 
seriously  felt  by  those  who  depend  upon  fixed  incomes,  a  class 
which  must  tend  to  increase.  It  seems  in  consequence  of  this 
that  there  must  be  a  tendency  to  a  fall  in  wages  and  prices  gen* 
erally.  Both  manufacturer  and  consumer  are  interested  in  this, 
since  cheaper  raw  material  means  cheaper  production  and  conse- 
quently larger  profit  to  the  former,  and  competition  will  give  some 
at  least  of  the  benefits  of  cheaper  productions  to  the  consumers. 
If  we  consider  also  the  impossibility  of  spending  the  national 
income  that  may  shortly  be  expected  to  accrue,  it  will  not  be  un- 
reasonable to  expect  a  growing  demand  on  the  part  of  the  great 
mass  of  consumers  for  emancipation  from  customs  duties  or  im- 
ports. 

Simultaneously  with  the  increase  of  population  and  the  difiVision 
of  wealth,  it  may  be  expected  that  individual  fortunes  will  in  fu- 
ture be  less  easily  made,  and  less  formidable ;  gigantic  operations 
in  produce  or  stocks  will  be  less  easily  worked,  to  the  manifest 
benefit  of  the  community;  while  the  development  of  a  leisured 
clasa  will  allow  some  of  the  best  talent  of  the  nation  to  be  diverted 
to  the  pursuits  of  art,  literature,  science,  and  politics,  to  the  in- 
calculable advantage  of  the  nation.  It  may  be  sanguine  to  ex- 
pect any  very  rapid  fusion  of  the  United  States  into  one  homo- 
geneous whole  by  the  gradual  federation  of  state  rights ;  but  the 
inci'eased  facilities  of  communication,  the  perpetual  shifting  of 
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ately  as  yet  incomplete,  and  the  slow  process  of  oonsolidation  in 
the  old  ooantry  forbids  us  to  be  veiy  sangaine  in  the  hope  of  seeing 
the  complete  amalgamation  of  the  United  States  in  one  federal 
repablic. 


On  technical   education   in  the  BBmsH  Islands.     By    Prof. 
Henrt  Hennesst,  F.  R.  S.,  Dublin,  Ireland. 

(ABSTKACr.] 

General  presentation  of  the  views  of  the  aathor  as  to  the 
centres  of  technical  education  in  England  being  best  in  the 
manufacturing  towns  instead  of  the  university  towns.  Ar- 
rangements of  the  city  guilds  instituted  in  London  referred  to 
and  criticised.  The  author  referred  to  the  conclusions  of  the 
recent  commission  on  technical  education,  especially  with  refer- 
ence to  the  application  of  the  experience  gained  by  their  visits  to 
the  continent  of  Europe.  To  the  condition  of  technical  studies  in 
Great  Britain  and  Ireland.  To  the  conspicuously  imperfect  state  of 
technical  education  in  Ireland ;  its  causes  traced  fh>m  history 
and  from  facts  coming  under  the  author's  observation  and  per- 
sonal experience.  Results  of  his  visits  to  foreign  countries  com- 
pared with  the  results  of  the  Royal  Commission  and  general  con- 
clusions as  to  the  future  position  of  the  scientific  and  practical 
study  of  technology. 


An  account  op  "The  first   general  census  of  India."    By 
Trelawnet  Saunders,  Surrey,  England. 

[ABBTHACT.] 

The  first  census  that  has  been  made  for  all  India  was  taken  on 
the  17  Feb.,  1881.  It  is  embodied  in  about  twenty  folio  volumes, 
and  the  general  abstract  extends  to  three  volumes  folio.  The 
paper  commenced  with  a  very  brief  description  of  the  provinces 
and  states  which  form  the  empire  of  British  India.  The  entire 
population  enumerated  in  Feb.,  '81,  is  253,891,821.  The  area 
occupied  by  this  large  population  is  1,382,624  square  miles.  The 
paper  then  proceeds  to  draw  a  comparison,  extracted  from  the 
general  reports,  between  various  parts  of  this  large  population 


ECOMOUIC   SCIENCE    AMD  STATISTICB.  DOB 

and  other  countries  of  the  world,  chieBy  European.  As  the 
occupied  Indian  house  forms,  as  elsewhere,  one  of  the  bases  of  the 
return,  the  nature  of  the  Indian  bouse,  especially  in  eo  far  as  it  is 
distinguished  from  dwellings  elsewhere,  is  described.  The  ordi- 
nary character  of  the  furniture,  the  family  arrangements,  not  only 
on  European  evidence,  but  on  the  evidence  of  a  distinguished 
native  as  well,  is  entered  upon.  It  is  only  doing  justice  to  the 
nature  of  this  vast  work,  to  give  only  the  barest  possible  refer- 
ence to  the  headings  of  the  tables  comprehended  in  the  census 
returns. 

1.  Area  of  population. 

2.  Movement  of  population. 
S.     Religious  cl assi II cation ■ 

4.  Proportions  of  sexes  and  religions  divisions. 

5.  Condition  of  population. 

6.  Condition  and  age  of  population  by  religion  and  provinces. 

7.  Ages  by  i-eltgion  and  province. 
S.  Languages. 

9.  Birthplaces. 

10.  Education. 
It.  Insanity. 

12.  Blind  people. 

13.  Deaf  mutes. 

14.  Lepers. 

15  and  16.  Towns  and  villages. 

17.  Castes. 

18.  Occupations, 

The  reports  in  general  are  not  merely  a  dry  record  of  figures, 
bnt  they  abound  with  information  of  the  moat  interesting  char- 
acter concerning  this  grand  division  of  the  population  of  the 
world,  which  stands  second  only  in  numbers  to  its  still  vaster 
neighbor,  tlie  Empire  of  China. 

The  author  intimated  that  he  had  received  instmctions  ftx>m  the 
Secretary  of  State  for  India,  to  present  to  one  of  the  public  libra- 
ries of  the  United  States,  a  copy  of  the  General  Report  of  the 
Census  of  India,  in  three  volumes,  folio.  It  may  be  useful  to  add 
for  the  information  of  students  of  statistics,  that  a  statistical 
abstract,  relating  to  British  India,  is  printed  annually  by  command 
of  Her  Majesty,  the  Queen,  by  Messrs.  Eyre  and  Spottiswoode  in 
London,  at  the  price  of  one  shilling  and  two  pence. 
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National  identitt  in  its  economic  aspects.    By  Lorin  Blod- 
GET,  of  Philadelphia,  Pa. 

It  will  greatly  simplify  many  of  the  points  of  controversy  and 
doubt  as  to  economic  policy,  if  we  look  at  the  laws  of  social  and 
political  organization  under  which  nations  exist. 

It  will  be  evident  at  the  outset  thf|,t  we  cannot  apply  any  single 
or  absolute  law  or  rule,  to  the  policies  by  which  the  best  interests 
of  the  people  are  to  be  served.  The  civilized  world  is  not  a  com- 
mune, nor  is  it  a  single  community — to  use  two  significant  and 
expressive  definitions — although  it  may  have  a  system  of  interests 
common  to  all  nations,  and  some  elements  of  common  responsi- 
bility on  the  part  of  individuals. 

There  is  no  common  obligation  of  order,  that  can  be  enforced 
by  a  common  police.  There  is  no  common  treasury :  and  no 
common  tax,  or  revenue.  There  is  no  common  debt,  obligation, 
or  guaranty  —  no  method  through  which  to  compensate  any 
common  service,  or  to  maintain  any  establishment.  How  then 
can  there  be  any  common  economic  policy  or  any  merging  of 
the  operations  of  one  country  with  those  of  another  as  to  the 
methods  of  raising  revenue ! 

We  are  importuned  to  abandon  the  essential  features  of  distinc- 
tion which  separate  us  from  the  English  revenue  system,  because 
it  is  said  that  all  nations  should  become  brothers,  and  all  trade 
should  be  free,  but  we  have  from  the  beginning  raised  our  revenue 
chiefly  by  a  tariff  on  imports,  for  reasons  which  the  founders  of 
the  government  found  to  be  forcible  and  vital.  The  nation  could 
not  have  been  founded,  in  the  first  place,  nor  could  it  have  been 
maintained  in  its  early  years  at  all,  without  this  protective 
policy. 

It  must  be  understood  as  an  axiom  that  no  other  than  the  most 
powerful  nation  can  maintain  itself  without  the  regulation  of  its 
commerce : — first,  by  creating  its  own  shipping  or  modes  of  com- 
munication with  other  countries,  under  its  own  national  flag ;  and 
next  by  imposing  limitations  on  external  commerce,  and  laying 
duties  on  shipping  as  well  as  on  foreign  merchandise. 

The  idea  has  recently  been  broached  that  we  may  abandon  our 
navy  and  dismantle  our  navy  yards — ^indeed  it  is  believed  in  some 
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quarters  that  we  are  already  doing  so.  We  have  no  ocean-going 
vessels  of  consequence  and  no  foreign  trade  conducted  by  our  own 
sliipping.  We  have  therefore  no  foreign  interests,  it  is  said,  and 
sboutd  have  no  foreign  policy. 

Thus  exempt  fi-om  care  and  from  responsibility,  we  may  send 
tlie  Tallapoosa  to  the  bottom — to  get  rid  of  a  surplus — and  we  may 
explode  the  latest  torpedo — fortunately  talcing  care  not  to  kill 
anybody. 

In  short,  we  have  been  going  on  at  some  length  in  the  process 
of  denationalizing  the  country,  and  of  reducing  its  government 
from  one  having  a  common  share  in  the  affairs  of  the  world  with 
other  nations,  to  a  mere  domestic  police^or  we  should  have  done 
all  tills  if  we  had  taken  the  advice  of  some  very  ui^ent  friends. 

It  will  be  well  worth  while,  therefore,  to  look  careflilly  at  the 
original  reasons  which  enforce  the  existence  of  separate  and  mu- 
tually independent  nations. 

The  highest  possible  type  of  human  organization  is  found  in 
the  civilized  nation,  and  the  highest  duty  of  enlightened  human 
government  is  to  establish  and  preserve  the  national  identit}'. 

The  conditions  which  originally  de6ne  or  create  tiie  separate 
national  existence,  are  in  most  cases  be3'0nd  the  reach  of  any 
directing  hand  ;  and  the  struggles  of  contending  nationalities 
have  written  a  history  so  full  of  calamities  that  it  ia  reasonable  to 
find  a  strong  advocacy  arising  for  the  abandonment  of  many  of 
the  distinctions  which  raaik  the  separate  interests  of  nations.  But 
the  alternative  course,  or  the  breaking  down  of  the  limitations  by 
which  these  separate  interests  are  maintained,  would  bring  on  ca> 
lamities  incomparably  greater  than  it  would  remove.  Few  would 
propose  or  attempt  the  political  consolidation  of  nations  histor- 
ically distinct,  whether  made  up  of  distinct  races,  or  of  such  sep- 
arate communities  as  have  remained  distinct  for  ages,  with 
histories  and  traditions  of  their  own  for  any  long  period.  The 
mere  contiguity  of  territory  is  no  sufficient  cause  for  merging  one 
nationality  in  another,  nor  is  a  similarity  of  language,  nor  an  orig- 
inal identity  of  race,  if  other  and  sufHcient  causes  have  erected  a 
distinct  and  separate  national  existence,  with  its  distinct  govern- 
ment. 

The  civilized  world  cannot  merge  its  separate  nations  into  one 
community,  nor  is  it  desirable  to  do  so ;  the  highest  incitements 
to  activity  would  cease  to  exist,  the  sentiment  of  patriotism  would 
be   unknown,    and    the    impossibility    of   establishing   common 
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ioterests  would  react  in  such  a  manner  as  to  break  such  a  struc- 
ture into  a  thousand  fragments,  over  which  the  assertion  of  just 
and  rightAil  authority  would  become  impossible.  It  has  been 
proved  man}-  times  over  that  it  is  neither  politic  nor  safe  to  under- 
take any  contraction  of  long  established  national  limits,  nor  any 
enforced  political  union  of  those  who  should  remain  separate.  If 
the  national  spirit  which  we  define  as  patriotism  is  not  estab- 
lished and  preserved  in  any  community,  the  people  will  literally 
wither  and  waste.  A  nation  ma}'  cease  to  exist,  by  decay  of  its 
resources,  or  by  the  extinction  of  its  patriotic  spirit.  No  greater 
calamity  can  be  conceived  than  this  waste  of  the  national  force, 
carrying  with  it,  as  it  does,  the  ruin  of  vast  numbers  of  helpless 
persons  individually. 

While  the  maintenance  of  the  interests  and  the  discharge  of  the 
duties  inherent  to  the  conduct  of  a  nation,  and  especially  such  as 
are  supremely  important  in  its  own  defence,  and  for  its  own  protec- 
tion, the  definition  of  these  distinctive  interests  has  recently  be- 
come obscure  with  many  publicists,  because  of  the  growth  of 
new  interests,  which  may  be  justl}'  distinguished  as  international, 
or  as  being  common  to  all  nations ;  and  there  is  also  a  consider- 
able class  grown  up,  outside  of  any  nation,  and  without  any  sen- 
timent of  patriotic  attachment  to  any  country.  It  has  been 
assumed  that  international  comity  may  practically  ignore  the 
distinct  identity  of  nations  in  many  respects,  and  that  restrictions 
which  relate  to  trade  and  commerce  may  be  dismissed  from  the  list 
of  national  distinctions. 

If  this  were  attempted  in  any  general  manner,  the  conse- 
quence would  be  the  wasting  and  disintegration  of  the  weaker  na- 
tions. If  not  reduced  by  such  waste  to  a  state  of  disorder, 
compelling  the  falling  state  to  seek  the  protection  of  a  strong  one, 
the  result  would  still  be  a  material  decline  of  power  and  pros- 
perity. The  most  absolute  and  peremptoiy  demand  growing  out 
of  the  fact  of  distinct  existence,  is  for  the  separate  organization 
of  the  productive  forces  of  each  nation.  There  cannot  be  an  or- 
ganization working  in  common,  because  the  nations  must  each 
have  a  boundary.  History  is  full  of  illustrations  of  the  disrup- 
tion of  national  boundaries,  and  the  enforced  submission  of  dis- 
tinct peoples  to  a  common  rule ;  but  all  such  violations  of  natural 
rights  are  at  some  later  day  restored  and  the  nations  are  liberated, 
or  the  resulting  ruin  of  the  weaker  victims  surely  follows.  Europe 
is  not  a  law  to  us,  nor  even  an  example,  in   most  respects,  be- 
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cause  we  hope  to  found  here  a  more  beneficent  relation  of  the 
government  to  the  people,  one  which  will  relieve  them  of  the 
burdens  of  costly  military  armament,  and  of  the  perpetual  strain 
of  threatened  wars.  We  ^ave  practically  secured  this  exemption 
already,  although  with  little  time  for  rest,  as  yet,  after  the  worst 
of  our  calamities  has  passed.  But  still  we  have  no  wasteful  ex- 
penditures for  war  purposes,  and  no  conscription  of  the  people  to 
fill  up  the  array.  The  public  burdens  are  very  trivial  in  fact,  and 
they  are  not  felt  as  personal  burdens  imposed  by  the  government 
in  any  case. 

The  analogy  I  draw  here  is  that  in  nearly  all  that  relates  to  the 
economic  policy  of  nations,  the  right  and  the  duty  of  distinct  ex- 
istence is  as  vital  as  is  the  like  distinction  of  political  power. 
The  economic  resources  of  all  countries  constitute  and  sustain 
their  political  power,  and  only  those  that  develop  their  natural  re- 
sources, and  avoid  the  waste  of  that  which  they  produce,  can 
maintain  power,  or  even  secure  the  continuance  of  their  separate 
existence. 

Without  organization  and  protection  no  one  of  the  great  natural 
resources  of  a  state  can  be  fully  developed.  The  crude  produce 
of  the  soil  or  the  forest  is  never  fairly  developed  in  a  dependent 
state ;  and  the  higher  products  of  organized  industry  fall  still 
lower  in  the  scale.  But  when  fairly  brought  into  activity,  the 
growth  of  social  industries  is  rapid,  and  the  profits  or  earnings  of 
all  classes  become  cumulative.  The  power  of  these  social  influ- 
ences is  better  shown  when  the  exchanges  are  made  at  the  least 
cost.  The  densely  populated  state  is  more  active  than  the  scat- 
tered and  disorganized  population,  and  the  industrial  city  affords 
as  high  a  standard  of  productive  force  as  the  commercial  centre 
does. 

Every  well  organized  nationality  has  its  own  centralization  of 
forces,  and  it  must  preserve,  develop  and  protect  it,  as  the  most 
necessary  guarantee  of  its  continued  existence  as  a  state.  The 
first  Act  of  Congress  which  established  the  revenue  by  which  the 
loose  confederation  of  colonies  became  a  body  of  united  states, 
passed  by  the  first  Congress  on  July  4, 1789,  declared  in  section  1. 
^'  Whej-easj  It  is  necessary  for  the  support  of  the  government^ 
for  the  discharge  of  the  debts  of  the  United  States,  and  for  the 
encouragement  and  protection  of  manufactures,  that  duties  be 
laid  on  goods,  wares  and  merchandise  imported." 
And  a  discrimination  in  favor  of  ^'vessels  built  in  the  United 
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States,  and  which  shall  be  wholly  the  property  of  a  citusen  or 
citizens  thereof,"  was  made  by  allowing  an  abatement  of  ten  per 
cent  from  the  duties  imposed  on  that  Act  on  merchandise,  iai- 
ported  in  foreign  vessels. 

It  is  the  testimony  of  history,  that,  by  this  Act  of  July  4,  1789, 
and  the  subsequent  acts  of  confirmation  and  continuance,  the 
nation  was  as  decisively  created  as  by  the  earlier  declaration  that 
^*  the  people  of  these  colonies  are,  and  of  right  ought  to  be,  fi^e 
and  independent." 

The  best  illustration  of  the  position  assumed  in  this  paper  is 
to  be  found  in  the  history  of  the  United  States  for  the  last  thirty- 
five  years.  The  vast  resources  which  the  central  and  western 
states  are  now  found  to  have  were  at  the  beginning  of  this  period 
almost  unknown.  Its  national  identity  was  so  imperfect  that  for- 
eign influences  still  controlled  its  trade,  and  its  feeble  industries 
produced  but  a  small  share  of  the  necessary  stock  for  its  own  con- 
sumption. 

Now  for  a  period  of  more  than  twenty  years  an  intense  national 
feeling  has  controlled  the  policy  of  the  government,  and  directed 
the  social  forces  of  the  people.  The  illustration  of  the  present 
actual  resources  of  the  country,  and  of  its  accumulations  during 
the  national  period,  would  be  the  most  foi*cible  of  all  possible 
statements. 

I  do  not  propose  to  enter  on  it,  nor  to  undertake  the  definition  of 
the  public  prosperity  in  the  exact  terms  which  should  be  employed. 
It  is  enough,  here,  to  claim  that  the  essential  difference  between 
the  existing  conditions  and  all  former  conditions  is  due  to  the 
concentration  of  public  attention  and  private  effort,  or  the  duty 
of  every  national  authority  to  carry  oCit  the  laws  which  establish 
its  own  independent  existence. 


Some  economic  and  social  effects  of  machinert.  By  Edward 
T.  Peters,  Statistical  Division,  Department  of  Agriculture, 
Washington,  D.  C. 

[abstract.] 

The  prominence  attained  in  recent  times  by  what  is  briefly  des- 
ignated as  the  labor  question  is  mainly  due  to  the  revolution  that 
within  a  little  more  than  one  hundred  years  has  been  wrought  in 
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the  methods  of  production  through  the  substitution  of  machinery 
for  hand  labor.  The  aggregate  increase  of  wealth,  which  this 
change  has  brought  about  is  prodigious,  but  how  far  the  working 
classes  have  shared  in  this  increase  is  a  much  disputed  question. 
Statistics  have  been  published  to  show  that  the  laborer  of  to-day 
lives  in  much  greater  comfoi't  than  the  laborer  of  say  half  a  century' 
ago ;  but  such  a  comparison  does  not  reach  the  essential  question, 
which  is  whether  the  condition  of  the  laborer  has  improved  in  a  de- 
gree bearing  some  reasonable  relation  to  the  enormous  inci^ease  in 
the  productiveness  of  labor.  Moreover  it  fails  to  cover  the  case 
from  another  and  very  important  point  of  view.  A  considerable 
percentage  of  those  who  are  wage  laborers  to-day  owe  to  the  change 
in  methods  of  production  the  fact  that  they  are  such,  and  their  con- 
dition should  be  compared  not  with  that  of  the  wage  laborers  of 
fifty  years  ago,  but  with  that  of  the  independent  self-employing 
artisan  of  that  time,  whose  position  machine  competition  rendered 
untenable.  So  also  there  is  a  considerable  percentage  of  the  un- 
skilled laborers  of  to-day  whose  condition  should  be  compared  not 
with  that  of  the  unskilled  laborers  of  old,  but  with  that  of  the 
skilled  ;  for  the  reason  that  the  supplanting  of  skilled  ))y  unskilled 
labor  is  one  of  the  commonest  effects  of  machinery. 

But  the  question  how  far  the  working  classes  have  shared  in  the 
increase  of  wealth  due  to  improved  methods  of  production  cannot 
be  answered  by  considering  merely  the  portion  of  that  increase 
devoted  to  subsistence.  The  wealth  employed  as  working  capi- 
tal was  formerly  owned  in  great  part  by  workingmen  —  artisans 
of  the  various  classes  who  carried  on  business  in  their  own  work- 
shops with  their  own  tools  and  materials,  but  whose  modern  rep- 
resentatives (and  in  most  cases  probably  their  own  descendants) 
are  dependent  on  wages  received  from  a  separate  capitalist  class. 
Detailed  statistics  which  ignore  such  circumstances  as  these  and 
merely  compare  the  condition  of  modern  wage-receivers  with  that 
of  similar  classes  of  wage-receivers  in  former  times  may  have  an 
imposing  air  of  scientific  authority ;  but  they  obviously  furnish 
only  a  single  term  in  a  complicated  equation  which  none  but  a 
dunce  or  a  charlatan  would  think  of  pretending  to  solve  without 
attending  to  its  other  elements. 

Taking  into  account  the  case  of  self-employing  artisans  who 
have  been  driven  by  machine  competition  into  the  wage-earning 
class,  and  that  of  the  skilled  laborers  whose  trades  have  been  ren- 
dered useless  in  then*  hands  by  the  same  cause,  there  is  good 


640  SECTION  I. 

reason  to  believe  that,  however  great  the  general  gain  of  society 
through  increased  production,  there  have  been  multitudes  of 
individual  workmen  whose  share  in  this  gain  has  not  been  suf- 
ficient to  compensate  them  during  their  lives  for  the  injuries  per- 
sonally sustained  by  them.  Doubtless  the  general  good  is  the 
controlling  consideration,  but  the  incidental  evils  demand  recog- 
nition, and  the  more  society  at  large  is  benefited  by  machinery, 
the  greater  is  its  obligation  to  ward  off,  as  far  as  may  be  possible, 
the  injuries  inflicted  on  special  classes  of  workmen  by  changes 
in  the  methods  of  production.  This  obligation  is  all  the  stronger 
from  the  fact  that  the  rapid  progress  of  invention  is  not  a  purely 
spontaneous  phenomenon,  but  is  largely  the  result  of  patent  laws 
expressly  designed  to  secure  it.  Since  governments  thus  inter- 
fere in  the  matter,  they  ought,  if  possible,  to  deal  with  the  prob- 
lem as  a  whole,  and,  while  promoting  the  increase  of  machinery 
with  a  view  to  the  extension  of  its  benefits,  to  consider  also  how 
the  attendant  evils  may  be  averted. 

Of  these  evils  that  which  is  most  serious  and  general  is  the 
divorce  which  machinery  is  bringing  about  between  labor  and 
capital.  So  far  has  this  already  gone  that  people  have  come  to 
think  of  the  two  as  things  naturally  distinct  from  each  other,  and 
to  regard  it  as  a  normal  state  of  affairs  that  the  persons  who  per- 
form the  manual  toil  of  a  country  shall  be  absolutely  dependent 
for  employment  on  a  comparatively  small  class  known  specifically 
as  capitalists,  in  whose  hands  are  concentrated  the  implements 
with  which  alone  modern  industry  can  be  successfully  carried  on. 
That  such  dependence  is  unfavorable  to  the  highest  type  of  man- 
hood will  hardly  be  questioned ;  and  the  enormous  extent  to 
which  machinery  has  increased  and  is  still  increasing  the  percent- 
age of  persons  subject  to  such  dependence  is  surely  a  most  serious 
matter.  The  manhood  of  a  nation  is  its  most  precious  possession, 
for  the  loss  or  deterioration  of  which  no  increase  of  material 
wealth  can  adequately  compensate. 

It  goes  without  saying  that  the  remedy  does  not  lie  in  the  di- 
rection of  a  return  to  the  old  slow  methods  of  production.  But 
if  the  workman  may  not  again  aspire  to  a  separate  business  car- 
ried on  with  his  own  capital  in  his  own  little  shop,  he  may  reason- 
ably aim  at  something  which  would  constitute  its  economic 
equivalent,  namely,  the  ownerahip  of  a  proportional  share  of  stock 
in  some  larger  establishment. 

The  success  attained  in  Philadelphia  and   elsewhere  by  the 
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cooperative  loan  associations,  popularly  known  as  building  socie- 
ties, shows  that,  under  favorable  conditions  and  suitable  laws, 
cooperation  may  attain  a  large  development,  and  gives  some  rea- 
son to  hope  that  b}*  proper  effort  its  sphere  may  be  extended 
until  capital  and  labor  shall,  to  a  great  extent,  be  again  united 
in  the  same  hands.  The  enactment  of  laws  to  render  the  combi- 
nation of  small  capitals  in  industrial  enterprise  as  easy,  secure 
and  convenient  as  possible  would  be  a  useful  exercise  of  legislative 
power  and  one  to  which  the  extremest  adherent  of  the  laiasezfaire 
doctrine  could  take  no  exception. 

This,  however,  is  only  a  part  of  the  question  which  machinery  has 
pushed  into  the  foreground.  In  so  vastly  augmenting  the  produce 
of  industry,  it  has  given  a  corresponding  importance  and  urgency 
to  the  problem  of  its  equitable  distribution.  Nor  should  we  fail 
to  note  what  it  is  doing  in  the  direction  of  giving  the  political 
control  of  this  problem  to  the  wage-earning  classes.  B3'  widen- 
ing the  chasm  between  labor  and  capital  to  a  seemingly  impassable 
breadth,  it  has  given  to  workingmen  the  feelings  of  a  permanent 
class  bound  to  seek  their  separate  interests  as  such  ;  by  concen- 
trating them  in  large  bodies  in  manufacturing  cities  and  towns  it 
has  facilitated  combination  among  them,  increased  their  means  of 
acquiring  knowledge,  and,  in  many  wa^'s,  contributed  to  cenient 
them  together  in  one  mass  animated  by  the  common  purpose  of 
securing  for  themselves  a  more  liberal  share  in  the  advantages  of 
civilization ;  it  is  still  further  promoting  their  union  even  where 
it  seems  most  to  injure  them ;  for,  by  disintegrating  the  skilled 
trades,  it  is  breaking  down  the  partitions  which  selfishness  had 
erected  between  different  classes  of  laborers ;  and,  finally,  by  re- 
ducing multitudes  of  independent  tradesmen  into  their  ranks,  it 
has  created  among  them  a  robust  and  combative  element,  such  as 
would  hardly  have  been  found  in  a  working  class  trained  to 
patient  endurance  by  generations  of  servitude,  while  by  the  same 
process  it  is  also  augmenting  their  numbers,  so  that  it  has  made 
or  is  making  them'  a  majority  in  countries  where  majorities  rule. 

Under  such  circumstances  it  seems  more  than  likely  that  what 
they  resolve  upon  is  destined  to  become  the  law  of  the  land  in 
the  leading  nations  of  the  world.  B3'  one  means  or  another  they 
will  seek  a  remedy  for  the  ills  which  they  believe  that  they  unnec- 
essarily endure  and  which  many  eminent  thinkers  —  such  men,  for 
A.  A.  A.  s.,  VOL.  xxxni.  41 
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example,  as  the  late  John  Stuart  Mill — have  believed  to  be 
largely  removable  by  means  within  the  reach  of  social  science.  If 
the  proper  remedy  were  offered,  it  might  commend  itself  to  their 
reason  and  be  accepted,  thus  averting  the  social  disasters  which 
must  follow  an  erroneous  method  of  treatment ;  but  they  will  put 
no  faith  in  any  physician  who  shall  tell  them  that  the  social  body 
is  in  normal  health,  unless  he  can  make  good  his  statement  by 
overwhelming  demonstration.  Whether  disease  exists,  and,  if  so, 
what  is  its  character  and  how  should  it  be  dealt  with  ?  are  ques- 
tions which  demand  the  most  unprejudiced  and  searching  inquiry. 
Especially  do  they  claim  the  attention  of  economic  students, 
whose  obligations  to  society  in  this  connection  are  proportional  to 
the  facilities  they  possess  for  arriving  at  sound  conclusions. 


On  the  application  of  thb  historical  method  to  questions 
IN  economic  science.  By  T.  B.  Browning,  M.  A.,  East 
Toronto,  Ontario. 

[ABSTRACT.] 

The  paper  raises  the  question,  What  is  the  historical  method, 
and  what  application  is  it  capable  of  in  economic  problems?  e.  ^., 
(1)  as  to  land  legislation  and  holding ;  (2)  as  to  competition  and 
combination ;  (3)  the  law  of  the  market,  or  bargain  and  sale, 
OT caveat  emptor;  (4)  laissez  fatre. 


On  the  proceedings  op  the  section  of  Economic  Science  and 
statistics  at  the  Montreal  meeting  of  the  British  Asso- 
ciation.   By  Chakles  W.  Smilet,  Washington,  D.  C. 

[ABSTRACT.] 

This  paper  consisted  of  an  account  of  the  papers  read,  and  of 
the  discussions  thereupon. 


ECONOMIC    SCIENCE  AND   STATISTICS. 


643 


On  the  credit  of  the  United  States  Government.    By  E.  B. 
Eluott,  Government  Actuary,  Washington,  D.  C. 

[ABSTRACT.] 

TABLE 

Showing  the  Average  prices  (flat  and  net)  of,  and  rates  of  interest  realized  to  fnrest* 
ors  in  the  United  States  four  per  cent  securities  of  1907,  and,  in  the  four  and  a  half 
eecnrities  of  1891,  respectlyely,  for  each  of  the  first  eight  months  (January  to  August 
inclusive)  of  the  calendar  year  1884. 


Months. 


January 

February 

March 

April 

May 

June 

July 

August 


May,  1884. 


"^ 


1st  to  14th  inc. 
15th  to  81st  inc. 


Prices  including  ac- 

Prices not  including 

Rates  of  interest  re- 

1884. 

crued  interest. 

accrued  interest. 

alized  to  investors. 

(Flat.) 

(Net.) 

Per  cent. 

Months 

Four  per  cent  securities  of  1907. 

January 

123.7696 

123.5897 

S.670 

February 

123.8750 

123.8809 

2.677 

March 

124.1947 

123.8705 

2.675 

April 

123.7960 

123.6354 

2.659 

May 

121.6346 

121.1434 

2.778 

June 

119.8600 

119.0292 

2.880 

July 

119.9900 

119.8178 

2.838 

August 

120.1902 

119.6944 

2.842 

Four  and  a  half  per  cent  securities  of  1891. 


114.3703 
114JS156 
113.6697 
113.5935 
112.8533 
111.0157 
112.4375 
112.7620 


113.7053 
11SJS761 
113.3863 
113.0350 
111.9377 
110.8494 
111.8770 
111.8350 


8.497 
2.570 
2.534 
2.564 
3.700 
2.836 
2.672 
2.659 


Four  per  cent  securities  of  1907. 


123.0052 
120.4598 


122.60U 
119.8015 


2.706 
2.840 
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Prices  includioff  ac- 

emed  Intorest. 

(Flat.) 

Prices  not  including 
aecrued  Interest. 

(Net.) 

Kates  ofinterest  re- 
alised to  infestore. 
Percent. 

May,  1884. 

Foar  and  a  half  per  cent  securities  of  1891. 

1st  to  14tli  inc. 
15th  to  8l8t  inc. 

118.1250 

112.6502 

112.2985 
111.0090 

• 

2.618 
2.745 

The  disturbance  of  values  about  the  micldle  of  May  was  due  to 
a  financial  panic  which  then  occurred. 


Irregularity  in  railroad  building,  a  chief  cause  of  recent 
BUSINESS  depressions.     By  William  Kent,  New  York,  N.  Y. 

[ABSTBACT.^] 

The  author  presents  a  table  of  statistics  for  each  year  from 
1660  to  1883  inclusive,  of  miles  of  railroad  built  in  the  United 
States,  of  production  of  pig  iron,  iron  rails,  steel  rails,  and  -of 
rolled  iron  other  than  rails,  of  rail  importations,  of  prices  of  pig 
iron  and  of  iron  and  steel  rails,  and  of  immigration ;  also  a 
plotted  diagram  made  from  the  figures,  which  shows  how  the  fluc- 
tuations in  railroad  building,  in  production,  importation  and 
prices,  and  in  immigration  coincide  with  each  other. 

He  divides  the  twenty-four  years,  from  1860  to  1883  inclusive, 
into  four  periods :  First.  The  period  of  moderate  development, 
1800-68,  in  which  railroads  built,  pig  iron  and  rails  produced,  and 
number  of  immigrants,  all  increased  at  an  even  rate.  Second. 
The  first  period  of  violent  development,  1869-73,  inclusive,  in 
which  railroad  building,  pig  iron  and  rail  production,  importation 
and  prices,  and  immigration,  all  enormously  increased.  Third. 
The  period  of  depression,  1874-78,  characterized  by  diminished 
rate  of  railroad  building,  diminished  production  and  greatly  di- 
minished prices  of  pig  iron  and  rails,  almost  absolute  cessation 

1  Thii  paper  Is  printed  in  ruU  in  the  Iron  Age,  Sept.,  1884. 
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of  importation  of  rails,  and  greatly  diminished  immigration. 
Fourth.  The  second  period  of  violent  development,  1879-83, 
characterized  by  great  increase  of  railroad  building,  of  production 
of  pig  iron,  of  production  and  importation  of  rails,  of  immigra- 
tion and  of  pnces. 

It  is  shown  that  the  actual  cost  of  railroads  built  in  1875  was 
more  than  $200,000,000  less  than  that  of  the  railroads  built  in 
1872  ;  that  the  cost  of  rails  produced  in  1875  was  over  $47,000,000 
less  than  in  1872  ;  of  rails  imported  $44,000,000  less,  and  of  pig 
iron  produced  $82,000,000  less.  The  decrease  in  expenditure  for 
railroad  building  of  $200,000,000  caused  the  throwing  out  of 
employment  of  many  thousands  of  laborers,  the  stoppage  ol 
mines,  furnaces,  mills  and  equipment  shops  of  all  kinds,  dimin- 
ished the  incomes  of  those  remaining  employed,  and  consequently 
their  purchasing  power.  The  effect  was  continued  distress 
throughout  the  whole  commercial  world.  The  author  attributes 
the  fluctuations  of  investments  in  railroads  at  the  different  periods 
named  to  the  ^Mnsanity  of  capital,"  and  shows  that  the  too  rapid 
building  of  railroads  at  one  period  and  too  slow  building  at  an* 
other,  is  a  sufl9cient  and  the  chief  cause  of  the  depression  ol 
business  of  the  years  1873-78,  and  also  of  that  through  which  we 
are  now  passing. 


American  production  for  American  consumption.      By  J.  R 
Dodge,  Washington,  D.  C. 

[▲BSTBACT.] 

This  paper  shows : 

1.  The  folly  of  attempting  to  feed  the  nations  of  the  earth 
hewing  their  wood  and  drawing  their  water,  and  neglecting  th« 
organization  of  all  constructive  forces  and  the  development  of  th( 
highest  skill  in  production. 

2.  That  every  nation  must  be  practically  self-supporting,  mak 
ing  a  few  exchanges  from  an  occasional  surplus  for  a  few  luxurie 
that  are  inessential. 

3.  The  consumption  of  the  United  States,  the  main  stimulus  o 
production,  now  and  hereafter. 
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The  uses  of  great  expositions.    By  Lyndon  A.  Smith,  Wasb- 
ington,  D.  C. 

[ABSTRACT.] 

The  exposition  is  like  a  museam,  except  in  the  necessary  atten- 
dants of  its  short  duration.  The  market  uses  have  yielded  to  the 
ends  of  display  and  advertisement.  Expositions  do  not  pay  for 
themselves  directly.  Their  value  is  in  (1)  stimulating  the  devel- 
opment of  natural  resources ;  (2)  the  introduction  of  profitable 
industries ;  (3)  the  improvement  of  manufactures ;  (4)  the  increase 
of  trade ;  (5)  the  founding  of  institutions ;  (6)  the  social  develop- 
ment of  people  represented ;  (7)  the  advancement  of  science ;  and 
(8)  the  pix>motion  of  education,  especially  that  of  a  technical 
character. 


The  learned  professions  and  the  public,  1870-1880.  By 
Chas.  Warren,  Statistician,  of  the  U.  S.  Bureau  of  Educa- 
tion, Washington,  D.  C. 

[ABSTRACT.] 

The  writer,  deriving  the  number  of  persons  engaged  at  the  two 
census  periods  in  the  professions  of  law,  medicine  and  divinity 
from  the  tables  of  *'  Occupations"  published  in  those  enumerations, 
showed  that  the  rate  of  increase  for  each  profession  during-  the 
decade  was  much  greater  than  the  rate  for  the  general  population 
of  the  country ;  the  marked  increase  in  the  number  of  clergymen 
of  foreign  birth,  and  the  very  great  increase  in  the  number  of  law- 
yers, particularly  in  the  states  north  of  the  Potomac  and  Ohio 
rivers,  were  considered,  and  the  deficiencies  in  American  higher 
education  as  causes  of  these  conditions  were  noticed.  Admitting 
that  the  number  of  the  clerical  profession  in  this  country  is  a  mat- 
ter purely  within  the  control  of  sectarian  necessities  and  not  a , 
matter  for  legal  interference,  the  writer  observed  that  there  was 
precedent  for  considering  lawyers  as  officers  of  the  state  and  emi- 
nent propriety  in  passing  laws  to  make  physicians  unpaid  state 
officers  also.  When  this  needed  relation  of  law  and  physic  to  the 
state  is  established  and  recognized,  as,  in  the  writei*'s  opinion, 
should  be  at  once,  the  qualifications  of  candidates  for  admission 
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thereto,  the  number  needed  for  the  supply  annually  of  the  public 
needs,  and  other  points  of  detail,  could  tie  determined  for  the  action 
ofthe  state  with  little  difficulty.  Tbe  writer  ia  of  the  opinion  that 
both  public  economy  and  justice  to  the  professions  generolly  aliould 
take  some  such  action  in  the  case  of  these  professions,  in  which 
he  believes  there  was  in  1880  a  surplus  of  64,000  persons. 


ThB  STRDCTDRE  AMD  ECONOUIC  VALDG  OF  SOME  OF  OCB  WOODS  ;  IL- 
LUSTRATED BT  MiNKTi  8X10  Photo-micrographs.  By  P.  H. 
Dddlet,  New  Yorli,  N.  Y. 

These  investigations  upon  the  structure  of  the  woods  are  prin- 
cipally for  engineering  purposes;  the  cells  of  the  Duramen  re- 
ceiving the  most  attention,  one  important  object  being  to  ascertain 
the  actual  structureof  the  portion  used.  The  8X10  photomicro- 
graphs are  all  taken  from  original  sections  of  the  particular  wood 
represented ;  the  field  of  view  of  the  objective  covering  about  ^  of 
an  inch  showing  portions  of  one  or  more  annular  rings.  Transverse, 
tangential,  and  radial  sections  are  shown  exhibiting  tbe  structure  of 
vessels,  ducts,  tracheides,  woody  Sbre  and  "  medullary  rays  "  in 
the  various  relations  in  which  they  occur,  each  magnified  100  times. 
85  different  woods  are  illustrated  by  the  90  photomicrogruphs. 
Id  some  woods  a  favorable  growth  produces  fibres  which  give  the 
wood  its  specific  value  of  hardness  and  strength  ;  in  unfavorable 
growths,  there  is  an  absence  of  the  bard  ligneous  fibres,  the  wood 
being  light  brush  and  inferior  in  strength.  This  feature  of  growth 
as  will  be  clearly  seen  b;  the  illustrations  is  one  of  great  impor- 
tance not  only  in  the  selection  of  our  present  timber,  but  in  con- 
sidering the  practical  questioDS  of  forestry. 


An   illustration  of  the  results  produced  bt  the  i 

PROPAGATioK  OF  Fisii.     By  Chas.  W.  Smilet,  Washington* 
D.  C. 

[ABBTKAfTT,] 

The  illustration   relates  to  the  propagation  of  salmon  in  the 
Sacramento  river,  Cal. 
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Tables  are  given  showing  tlie  annual  catch  from  1875-1883  and 
the  number  of  young  hatched  and  deposited  tvom  1873  to  1882 
inclusive. 

The  average  annual  increase  due  to  artificial  propagation  has 
been  4,391,882  pounds.  This  quantity  is  woi*tb  $313,706,  before 
any  labor  is  expended  on  it.  The  cost  of  hatching  and  planting 
the  2,500,000  fry  annually  is  $3,600.  Hence  the  net  profit  due 
to  fish  culture  is  $310,106  annually. 


Percentages  and  costs  of  NirrRiENTs  in  foods.    By  Prof.  W.  O. 
Atwater,  Middletown,  Conn. 

[ABSTRACT.] 

The  relative  cheapness  or  dearness  of  different  foods  must  be 
judged  by  comparing,  not  the  prices  per  pound,  but  the  costs  of 
the  actual  nutrients.  In  making  such  comparisons,  the  cost  may 
be  assumed  to  fall,  not  upon  the  inedible  portions  and  the  water, 
but  solely  upon  the  three  classes  of  nutrients ;  protein,  fats,  and 
carbohydrates. 

The  relative  physiological  values  of  the  nutrients  in  different 
foods  depend  upon  (1)  their  digestibility  and  (2)  their  functions 
and  the  proportions  in  which  they  can  replace  each  other  in  nu- 
trition. An  accurate  physiological  valuation  is,  in  the  present 
state  of  our  knowledge,  at  least,  impracticable.  The  pecuniary 
cost  of  the  nutrients  are,  however,  more  nearly  capable  of  ap- 
proximation. 

From  extended  comparisons  of  the  composition  and  market 
prices  of  the  more  important  animal  and  vegetable  food-materials, 
such  as  meats,  fish,  flour,  etc.,  those  which  serve  for  nourishment 
and  not  as  luxuries  and  which  form  the  bulk  of  the  food  of  the  people, 
it  has  been  estimated  that  a  pound  of  protein  costs,  on  the  aver- 
age, five  times  as  much,  and  a  pound  of  fats,  three  times  as  much, 
as  a  pound  of  carbohydrates ;  that,  in  other  words,  these  three 
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classes  of  nutrients  stand  related  to  each  other  in  respect  to  cost, 
in  the  proportions : 

C  Protein      .     .    5 

Assumed  ratios  of  costs  in  staple  foods  <  Fats      ...    3 

(  Carbohydrates    1 

Suppose  a  pound  of  beef  of  average  fatness  to  cost  25  cents 
and  to  contain  25  per  cent  of  inedible  matters,  bone,  etc.,  45  per 
cent  of  water  and  30  per  cent  of  nutritive  substance,  upon  which 
latter — the  bone  and  water  being  assumed  to  be  without  nutritive 
value — the  whole  cost  comes.  The  30  per  cent  or  -^(p^  pounds  of 
nutritive  substance  thus  costs  25  cts.,  or  at  the  rate  of  83^  cts. 
per  pound.  If  now  we  leave  out  of  account  the  minute  quantities 
of  carbodydrates  and  the  mineral  matters,  the  whole  cost  will  fall 
upon  the  protein  and  fats.  Assuming  these  to  cost  in  the  ratio  of 
5 :  3  and  the  amounts  in  the  meat  to  be :  protein  14J-  per  cent,  and 
fats  15  per  cent,  an  easy  computation  will  show  the  protein  to 
cost  107.7  cts.  and  the  fats  64.6  cts.  per  pound. — Proof:  |^  pound 
of  protein  at  107.7  cts.  =  15.3  cts.  t'oV  pounds  of  fats  at  64.6  cts. 
=9.7  cts.  15.3-|-9.7  cts.=25  cts.  the  cost  of  the  pound  of  meat  which 
contained  the  given  amounts  of  protein  and  fats.  The  above  ratios, 
protein  :  fats :  carbohydrates=5  : 3 : 1  represent  at  best  only  general 
averages  and  may  in  given  cases  be  more  or  less  incorrect.  A 
method  free  from  these  objections  consists  in  simply  computing 
the  amount  of  nutrients  that  may  be  bought  for  the  same  price  in 
different  food  materials.  At  the  same  time  the  method  above  de- 
tailed is  doubtless  accurate  enough  for  a  general  comparison  of 
the  relative  cheapness  and  dearness  of  ordinary  foods,  and  is  used 
in  calculating  the  costs  of  protein  below. 

Of  the  different  nutrients,  protein  is  physiologically  the  most 
important  as  it  is  pecuniarily  the  most  expensive.  In  fish,  further- 
more, as  in  the  leaner  kinds  of  meat,  it  is  the  predominant  nutri- 
tive ingredient.  For  these  reasons. the  cost  of  protein  foods  may 
be  used  as  a  means  of  comparing  the  relative  cheapness  or  dearness 
of  ordinary  foods,  as  is  done  in  the  following  table.  The  figures 
represent  the  ordinary  prices  per  pound  and  the  corresponding  co^ts 
of  protein,  in  specimens  of  food- materials  obtained  in  New  York 
and  Middletown,  Conn.,  markets.  Though  the  number  of  specimens 
is  too  small  for  reliable  averages,  the  figures  taken  together,  doubt- 
less give  a  tolerably  fair  idea  of  the  relative  costliness  of  the  nu- 
trients in  the  different  classes  of  foods. 
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COMPARATIVE  COSTS   OF  PROTEIN   IN  FISH  AND  OTHER  ANIMAL   AND 

VEGETABLE  FOODS. 

One  DolIai-sslOO  coots  =3  i  Shillings  =  4  Marks  =  6  Franks,  nearly. 


rOOD  MATBHIAL8. 


9-*  A 


i 


QM  go 

gSS 


FOOD  HATBBIALS. 


O 


ggS 
2g° 


$  cU. 

$cts. 

$  OU. 

$  eta. 

Beef,  sirloin,  medium  fat- 

Halibut 

05 

JS 

ness 

.SS 

1X6 

Mackerel 

.10 

.TO 

Beef,  sirloin,  at  lower  price 

.30 

.86 

"       when    abundant 

.05 

.40 

*^       round,  rather  lean 

.18 

.70 

Cod 

.08 

.75 

••            *•    lower  price 

.15 

.50 

<*    when  plentlAil 

.06 

.66 

*<        coined,  lean 

.15 

.65 

Alewife 

.03 

.27 

Mutton,  leg 

SO 

.82 

"         side,  medium  fkt- 

Canned  salmon 

.20 

.70 

ness 

.15 

.55 

Salt  mackerel 

025 

.53 

Pork,  very  fat 

.16 

.38 

Salt  cod 

.07 

.43 

"          "     «•  lower  price 

.12 

.26 

"     "   lower 

.05 

.31 

Smoked  ham 

Milk,  7  cts.  per  quart 

.15 
.084 

.43 
.53 

Oysters,  90  cts.  per  quart 

.15 

2.02 

Cheese,  whole  milk 

.18 

.37 

14         50  •«     it     ti 

.25 

8.36 

"       "       **  lower  price 

.13 

.27 

Lobsters 

.12 

2.02 

"       skimmed  milk 

.06 

.18 

Wheat  flour,  best 
Wheat  bread 

.04 
.06 

.15 
.29 

Salmon,  early  in  season 

1.00 

5.11 

"        when  plentlftil 

.30 

1.53 

Com  (maize)  meal 

.03 

.12 

Shad 

.12 

.00 

Oatmeal 

.05 

.15 

<*        when  abundant 

.06 

.66 

Beans 

.05 

.14 

Blue  flsh 

.10 

.08 

Potatoes,  60  cts  per  bn. 

.000 

.14 

Haddock 

.07 

.84 

Potatoes,  100  cts.  per  bu. 

.017 

.80 

Thus  the  nutrients  of  vegetable  foods  are,  in  general,  much  less 
costly  than  in  animal  foods.  The  animal  foods  have,  however, 
the  advantage  of  containing  a  larger  proportion  of  protein  and 
fats,  and  the  protein,  at  least,  in  more  digestible  forms. 

Among  the  animal  foods,  those  which  rank  as  delicacies  are  the 
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costliest.  By  the  above  calculations,  the  protein  in  the  oysters 
costs  from  two  to  three  dollars,  and  in  salmon,  rises  to  nearly  six 
dollars,  per  pound.  In  beef,  mutton  and  pork  it  varies  from  108 
to  48  cents :  in  shad,  blue  fish,  haddock,  and  halibut  the  range  is 
about  the  same ;  while  in  cod  and  mackerel,  fresh  and  salted,  it 
ranges  from  67  to  as  low  as  33  cents  per  pound.  Salt  cod  and  salt 
mackerel  are  nearly  always,  fresh  cod  and  mackerel  often,  and 
even  the  choicer  fish,  as  blue  fish  and  shad,  when  abundant, 
cheaper  sources  of  protein  than  any  but  the  inferior  kinds  of  meat. 


The  apprenticeship  question  and  industrial  schools.      By 
Thomas  Hampson,  Bureau  of  Education,  Washington,  D.  C. 

[ABSTRACT.] 

The  object  of  this  paper  was  to  inquire  (1)  whether  the  appren- 
ticeship system  of  the  United  States  provides  our  manufactories 
with  an  adequate  supply  of  trained  workmen  ;  (2)  whether  if  it 
does  not  the  system  may  be  so  modified  and  extended  that  it  will ; 
(3)  if  the  system  is  incapable  of  adaptation  to  current  industrial 
needs,  what  is  to  replace  it?  The  history  of  the  relation  of  mas- 
ter and  apprentice  was  first  briefly  sketched  and  its  present  condi- 
tion then  described,  the  writer  seeking  to  show  that  the  first  two 
questions  must  be  answered  in  the  negative.  Respecting  the 
third,  he  urged  the  substitution  of  scientific  for  literary  studies  in 
the  common  schools  and  the  establishment  in  manufacturing  cities 
of  manual  labor  schools  to  be  attended  by  volunteer  classes  from 
the  public  schools. 


Condition  of  deaf-mutes  and  deaf-mute  instruction  in  the 
United  States,  statistically  considered.  By  Prof.  J.  W. 
Chickering,  jr.,  Deaf-Mute  College,  Washington,  D.  C. 

[ABBTRAOT.l 

The  proportion  of  deaf-mutes  to  the  whole  population  varies 
somewhat  in  different  countries,  but  is  on  the  average  about  1  to 
1500. 
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This  would  make  the  deaf-mate  population  of  the  world,  accord- 
ing to  the  most  recent  estimate,  1,082,182. 

In  the  United  States  the  last  census  gives  the  total  number  of 
deaf-mutes  as  88,878.  Of  these  about  12,000  are  of  school  age,  of 
whom  7,1 55  are  under  instruction,  leaving  5,000  growing  np  in  en- 
tire ignorance. 

It  is  also  estimated  that  over  15,000  have  received  an  education, 
and  are  engaged  in  the  ordinary  pursuits  of  life,  while  the  remain- 
der, between  one  and  two  thousand,  are  adults,  for  whom  nothing 
has  been  done. 

For  the  education  of  these  12,000  of  school  age,  there  are  58 
schools,  public  and  private,  and  one  college.  In  8  of  these,  in- 
struction is  given  by  the  pure  oral  method,  in  10,  by  signs  and  the 
manual  alphabet  alone,  and  in  the  remainder^  by  the  combined 
method. 

The  condition  of  educated  deaf-mutes  is  quite  satisfactory. 
They  are  self-sustaining,  self-respecting,  valued  members  of  so- 
ciety. 

The  uneducated  deaf-mute  can  find  but  little  enjoyment  in  life,  is 
a  burilen  upon  society,  and  his  claims  upon  the  philanthropist,  the 
student  of  political  economy  and  the  pali'iot,  should  not  be  disre- 
ganleii. 


Urv^X   THK  KXrKPIKXOT   or   a   PRv^rOSKD  **N"KW   PEPAKTrRK"   IK  THE 
rv^KM   OF  S^nivX^L5   rv>K   the    KOrOAXlOX    OF   DEAr-XTTBS.        By 

%losFrH  0.  Gv^KiH^x.  riwViiSvU  of  MHtheaiAtios  ad  Chemistry, 
Na::v^i::iI  Do:;:- mute  Oolle;^\  W*iislr.r.;::on.  D.  C. 

Thk  pjiivrKou^  tlv  oU::u  :Iu^:  •*;1.^  iix\>:  prsivtioA!,  useful  and 
^vx'rioiv.x'Al  roriu of  ^<xxv  u^  Iv  ests^VI.slux;  ^:or  KUM.:-:su:e  clii'dren) 
mvx;\i  Iv*  ;o  :Vr:u  cIa^o*  U^r  ilviu  :u  l\.b;u*  Sv  ::sX<>^^  aici  presents 
cu:v,:',i:.\e  «r\,.u'i'vV  *i:,^:"s5  tl^eevvw:  vvv  o:';l,e  AX-illed  -new 

;o  evl.uJt:e  vU'.^:'ur.:u\ii  lit  l\i/.lv''  5^Xxv*  :u  \Ye:ii:cr2L  at:  ;  C«z:r^I 
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known  resonrces  of  the  art,  as  set  forth  by  the  advocates  of  various 
methods,  systems,  and  devices  of  instruction  had  been  made  upon 
a  large  scale  by  able  and  enthusiastic  men,  and  that  the  power  of 
great  governments  had  been  exerted  to  qualify  teachers  and  equip 
schools,  but  those  plans  were  not  found  to  be  efficient,  sufficient, 
or  economical. 

Among  the  authors  and  promoters  of  plans  of  education  of 
the  deaf,  in  connection  more  or  less  intimate  with  the  common 
schools,  whose  views  were  cited,  were  Stephani,  1815  ;  Alle,  1820 ; 
Daniel,  1825 ;  Dr.  Graser,  1829--34,  and  1843  ;  Czech,  1836  ;  Wich, 
1842 ;  Schwartzmaier,  1850 ;  Minister  at  Berlin,  1828 ;  Saegert, 
1854;  Moritz  Hill,  1858;  Walther,  1882;  De  Gerando,  1827; 
Bebian,  1827  ;  Reccing,  1823  ;  Piroux,  1830 ;  Valade-Gabel,  1861- 
54 ;  Dr.  Blanchet,  1836  ;  Minister  of  Interior,  Pans,  1858 ;  Gross- 
elin,  1870;  Paris  Congress,  1878;  Bordeaux  Congress,  1881; 
Arrowsmith,  1819;  etc. 

In  the  article,  the  foreign  authorities,  after  a  careful  reading  of 
the  originals  for  the  most  part,  are  cited  in  English  for  the  first 
time,  and  in  conclusion,  the  writer  feels  justified  in  affirming — 

1.  That  all  the  material  conditions  of  the  proposed  '^new  de- 
parture" in  America,  have  their  parallel  in  the  European  experi- 
ments. 

2.  The  satisfactory  education  of  those  born  deaf  demands  special 
knowledge,  special  training  and  special  methods,  which  are  not 
possible  in  common  schools. 

3.  Literal  co-education  of  those  born  deaf,  with  hearing  chil 
drcn  is  an  admitted  impossibility. 

4.  Deaf  children,  prepared  by  special  instruction  to  join  regular 
classes  in  common  schools  without  detriment  to  themselves  or  to 
their  classmates,  rarely  need  common  school  instruction,  having 
incidentally  accomplished  the  work  of  the  common  school  in  gain- 
ing the  knowledge  of  language  and  ease  of  communication  essen- 
tial to  success. 

5.  '^Mixed''  schools,  with  separate  classes  under  the  same  instruc- 
tors, overtask  the  teachers  and  involve  a  waste  of  time  by  both 
classes  of  pupils. 

6.  The  social,  intellectual,  moral,  and  material  advantages  of 
association  with  hearing  children  in  the  public  schools  are  largely 
illusory,  the  environment  being,  substantially,  the  same  as  that 
of  all  deaf  children  before  leaving  their  families  to  enter  special 
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institutions.    The  hearing  environment  must  be  selected  with  ex- 
traordinary care  to  secare  any  good  result  from  it. 

7.  Parents  and  public  school  teachers  can  readily  qualify  them- 
selves to  render  valuable  help  to  deaf-mutes,  by  beginning  their 
education,  and  supplying,  as  far  as  possible,  the  training  corres- 
ponding to  the  maternal  education  of  infants,  and  the  earlier  part 
of  the  work  of  kindergarten  or  infant  schools. 

8.  The  fair  results,  sometimes  obtained  outside  of  special 
schools,  have  been  rare,  and  under  exceptional  circumstances. 

9.  No  satisfactory  plan  has  ever  been  found  for  supplying  deaf 
classes  in  public  schools,  with  teachers  having  the  special  fitness, 
knowledge  and  training,  requisite  for  the  satisfactory  education  of 
those  born  deaf. 

10.  Day-schools  or  eoctemats  for  the  deaf,  whether  special  schools 
alongside  of  public  schools  or  entirely  separate  from  them,  are  not 
so  efficient  as  the  better  class  of  thoroughly  organized  institutions 
many  of  which  have  grown  out  of  day-schools. 

11.  Special  institutions  remain  a  necessity  for  the  great  major- 
ity of  deaf  children  and  they  continue  to  show  superior  results 
with  the  greatest  economy  of  time,  money  and  men,  irrespective 
of  method,  system,  or  devices  of  instruction. 


Lands  in  severalty  to  Indians;  illustrated  bt  experiences 
WITH  THE  Omaha  tribe.  By  Miss  Alice  C.  Fletcher, 
Feabody  Museum,  Cambridge,  Mass. 

According  to  the  report  of  the  Commissioner  of  Indian  Affairs 
for  1883,  the  total  number  of  Indians  in  the  United  States,  exclu- 
sive of  Alaska,  is  given  as  265,565. 

The  amount  of  land  reserved  for  Indian  occupancy  is  stated  at 
143,526,540  acres;  of  this,  125,639,725  acres  are  untillable,  leav- 
ing 17,886,815  acres  fitted  for  agriculture. 

The  same  report  gives  630,960  acres  as  under  cultivation  by 
40,145  Indian  families. 

10,226  families  are  stated  to  be  engaged  in  other  civilized  pur- 
suits. 

At  the  average  of  five  persons  to  a  family,  we  find  that  of  the 
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265,565  Indians  in  the  United  States  200,725  are  engaged  more 
or  less  in  farming,  51,830  in  other  civilized  pursuits  and  13,510 
gaining  their  livelihood  by  fishing,  hunting,  root-gathering  and 
government  rations.  A  large  proportion  of  this  latter  number 
live  in  regions  where  life  can  hardly  be  sustained  in  any  other 
manner.  Concerning  some  of  these  localities  it  has  been  wittily 
said  that  ^^  not  even  a  rabbit  could  live  there  except  at  govern- 
ment expense." 

More  than  two-thirds  of  the  Indian  population  are  shown 
to  be  already  engaged  in  farming ;  the  question  of  land  tenure  in 
therefore  of  practical  importance,  not  only  to  the  Indian,  that  he 
may  enjoy  permanent  benefits  from  his  industry  and  progress  in 
self-support,  but  to  our  own  people,  since  the  future  interests  of 
the  two  races  are  closely  interwoven. 

Mr.  Lucien  Carr,  Assistant  Curator  of  the  Peabody  Museum,^ 
Cambridge,  Mass.,  says  of  the  Indians  as  agriculturists  :  ^^  All 
the  records  tell  us  that  the  early  colonists  in  New  England,  Vir- 
ginia and  elsewhere,  throughout  the  eastern  portion  of  the  United 
States,  owed  their  lives  on  more  than  one  occasion  to  the  timely 
supplies  of  corn  begged,  bought  or  stolen  from  the  natives  .  . 
The  testimony  is  uniform  of  the  cultivation  of  corn  in  greater  or 
less  quantities  by  all  the  tribes  living  east  of  the  Mississippi  and 
south  of  the  St.  Lawrence  and  Great  Lakes  .  .  and  instead  of 
cultivating  it  in  small  patches  as  a  summer  luxury  it  can  be 
shown  on  undoubted  authority  that  everywhere  within  the  limits 
named  the  Indian  looked  upon  it  as  a  staple  article  of  food  both  in 
summer  and  winter :  that  he  cultivated  it  in  large  fields  and  un- 
derstood and  appreciated  the  benefits  arising  from  the  use  of  fer- 
tilizers ;  indeed,  such  were  his  proficiency  and  industry,  that  even 
with  the  rude  and  imperfect  implements  at  his  disposal  he  not 
only  raised  corn  enough  for  his  own  nse,  but,  as  a  rule,  had  some 
to  spare  to  his  needy  neighbor,  both  red  and  white."  Many  in- 
stances are  given,  setting  forth  the  great  quantity  of  corn  raised 
as  the  invasion  of  four  villages  of  the  Senecas  by  the  French 
under  Denonville  in  1687,  when  1,200,000  bushels  of  corn  were 
destroyed,  the  people  taking  it  quietly  remarking  that  the  other 
Iroquois  natives  were  able  to  make  the  loss  good.     Mr.  Carr  com- 

1  Eentncky  Geological  Survey,  Vol.  II,  "  Mounds  of  the  Mississippi  valley  histori. 
caUy  considered." 
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bats  the  fellow  of  the  agricultaral  error,  which  is  *'  that  the  Indian 
considered  field  labor  as  derogatoiy  and  left  it  to  the  women." 
He  brings  strong  evidence  to  show  that  the  Indians  of  the  Missis- 
sippi valley  lived  in:  fixed  villages  which  they  were  in  the  habit  of 
fortifying  by  palisades ;  that  they  raised  com  in  large  qaantities 
and  stored  it  in  caches  and  granaries  for  winter  use ;  and  that 
while  it  is  a  fact  that  ^^  the  women,  children  and  old  men  and 
slaves  always  cultivated  the  fields,  3  et  the  waiTiors  cleared  the 
ground,  and  when  not  engaged  in  war  and  hunting  aided  in 
working  and  harvesting  the  crop,  though  the  amount  of  such  as- 
sistance varied,  being  greater  among  the  tribes  south  of  the  Ohio 
and  less  among  the  Iroquois  or  Six  Nations.  By  the  testimony 
of  the  same  early  writers  it  can  be  shown  that  the  rights  of 
property  were  duly  recognized  and  respected,  and  that  there  ex- 
existed  among  the  Indians  a  system  of  intertribal  traflUc." 

The  historical  statements  collated  by  Mr.  Cai*r  are  corroborated 
b}'  existing  customs  among  the  tribes  formerly  dwelling  east  of 
the  Mississippi,  and  a  remarkable  substantiation  of  the  truth  of 
early  observers  is  found  in  the  fact  already  cited,  that  two-thirds 
of  the  entire  Indian  population  are  to-day  engaged,  more  or  less, 
in  agriculture.  In  this  connection  it  should  be  remembered  that, 
most  of  the  tribes  living  east  of  the  Mississippi  have  suffereil  more 
or  less  forcible  removal  from  the  homes  of  their  fathers,  and  that 
the  uprooting  of  a  people  dissipates  both  courage  and  enterprise. 
Agriculture,  therefore,  must  have  been  a  familiar  occupation  to 
these  Indians  for  many  generations,  or  it  would  not  thus  persist 
under  adverse  circumstances. 

The  Indians  of  the  plains  who  lived  almost  exclusively  by  hlint- 
ing,  the  territory  thej'  inhabited  not  being  naturally  adapted  to 
agi'iculture,  have  within  the  last  ten  or  fifteen  years  given  notable 
instances  of  a  willingness  to  farm,  and  a  desire  to  be  instructed 
in  agriculture  and  to  own  their  lands  individually.  The  Crows  of 
southern  Montana,  who  are  beginning  to  farm,  have  a  tradition 
that  their  people  once  raised  corn.  All  the  Indians,  even  those 
who  did  not  have  the  cereal,  when  first  met  by  the  white  men, 
evince  a  great  liking  for  corn,  and  desire  to  possess  it  for  food. 
There  is  not  an  Indian  tribe  within  the  limits  of  the  United  States 
living  on  land  susceptible  of  agriculture,  by  irrigation  or  otherwise, 
but  that  has  some  land  under  cultivation,  and,   as  all  the  reports 
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of  the  Indian  Bureau  go  to  show,  an  increase  in  this  amount  de- 
pends largely  upon  the  encouragement,  instruction  and  assistance 
received  from  those  having  the  Indians  in  charge. 

It  is  but  just  to  the  government  officials  to  say  that  their  will- 
ingness generally  far  outstrips  their  means,  the  appropriations  by 
Congress  falling  far  short  of  the  requirements  necessary  to  pu^h 
the  Indians  forward  to  self-support. 

It  is  frequently  taken  for  granted,  that  because  the  Indian  in 
his  native  condition  did  not  connect  the  abstract  idea  of  property 
with  the  land,  therefore  he  regarded  the  land  as  belonging  to 
the  tribe  in  common,  the  individual  merging  his  right  in  that  of 
the  community ;  and,  also,  because  the  land  was  recognized  by  the 
Indian  as  a  religious  symbol  and  reverently  addressed,  the  Indian 
wifs  averse  to  using  it,  and  to  owning  it  individually.  Unfortu- 
naitely  both  these  errors  have  been  commonly  accepted  as  facts. 

It  is  difficult  to  explain  briefly  the  relations  of  the  Indian  to  Na- 
ture, and  yet  some  knowledge  of  this  relation  is  needful  to  a  cor- 
rect understanding  of  his  mental,  social  and  religious  habits.  To 
the  Indian  no  aspect  of  nature  is  clearly  defined  from  his  own  life, 
but  is  rather  a  part  of  it,  or,  he  a  part  of  nature.  The  elements, 
all  vegetable  and  animal  forms,  are  important  and  almost  equally 
potent,  and  are  linked  in  some  mysterious  way  to  his  actions,  and 
even  his  very  existence.  Relationship  is  the  basis  of  Indian  soci- 
ety, and  constitutes  the  one  tie  which  cannot  be  broken,  which 
must  always  respond  to  an  appeal  or  obligation,  therefore  the 
Indian  seeks  to  propitiate,  placate,  win  to  friendliness  and  help, 
the  elements  and  the  varied  forms  of  life,  by  addressing  them  in 
terms  of  the  closest  relationship,  as  Father,  Mother,  Grandfather, 
etc.  The  corn  is  called  '*  Mother,"  for  nourishment  is  received  by 
it.  The  earth  is  addressed  as  "Grandmother,"  since  all  things 
come  from  it,  etc.  This  manner  of  regarding  nature  is  not  con- 
ducive to  the  development  of  the  idea  of  holding  land  as  property, 
of  placing  a  money  value  upon  it,  and  passing  it  from  one  buyer 
to  another  as  one  would  a  garment.  It  was  both  natural  and 
habitual  for  groups  of  Indians  to  remain  within  certain  localities, 
to  cultivate  the  soil  in  fields  of  greater  or  less  extent,  and  use  the 
land  for  the  maintenance  of  life. 

They  argue :  "  The  life  of  man  depends  upon  the  earth,  he  cannot 
live  away  from  it,  how  then  can  one  person  own  land  to  the  exclu- 
sion of  other  men  ?"     Why  should  not  men  claim  to  own  the  air, 
A.  A.  A.*s.,  veil,  xxxiii.  42 
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or  the  water,  which  are  equally  necessaiy  to  life?"  Slowly  the 
white  man's  estimate  of  land  is  forced  upon  the  Indian  mind,  and 
while  it  is  not  yet  fully  understood,  it  is  accepted  by  him  as  the 
interpretation  which  must  control  the  future.  This  acceptance 
has  come  about  through  terrible  tragedies  which  have  thrown, 
shadows  over  the  history  of  our  country.  Happily  the  story  of 
the  Omaha  tribe  is  not  one  of  this  sad  class,  although  it  illustrates 
the  historic  facts  of  the  relations  of  the  Indians  to  the  land,  and 
also  the  advisability  of  allotting  to  him  lands  in  8everalt3\ 

The  Omaha  tribe  formerly  lived  in  fixed  villages  composed  of 
earth  and  timber  lodges,  and  cultivated  the  soil,  raising  corn,  beans, 
squash  and  melons.  The  agricultural  work  was  chiefly  conducted 
by  women,  although,  when  necessary  the  men  assisted.  The  time 
.of  planting  was  regulated  by  a  religious  custom.  A  few  kernels 
from  a  perfect  ear  of  red  corn,  were  distributed  among  the  different 
households  by  the  keeper  of  the  sacred  tents  of  the  Hunga  gens, 
and  these  kernels  were  mixed  with  the  seed  for  planting,  which 
then  took  place.  Sheltered  valleys  and  bottom  lands  were  favorite 
places  for  cultivation.  The  same  family  used  the  same  piece  of 
land  for  years,  occupancy  being  always  respected.  If  a  family 
abandoned  a  field  another  might  then  use  the  ground.  There  were 
always  some  persons  more  thrifty  than  others,  who  secured  better 
fields,  and  consequently  raised  larger  crops.  No  corn  was  culti- 
vated as  a  tribal  product,  nor  were  there  stores  of  any  kind  held 
in  common.  All  possessions  were  individual,  family  property 
could  hardly  be  said  to  exist,  even  the  belongings  pff  a  child  were 
respected  by  it^  parents  and  relatives.  During  planting  and 
harvest,  relatives  were  expected  to  help  one  another  but  this  was 
not  obligatory. 

The  Omaha  Reserve  lies  in  the  state  of  Nebraska,  on  the  west 
bank  of  the  Missouri,  about  eighty  miles  north  of  the  city  bearing 
the  name  of  the  tribe.  The  people  have  been  in  this  region  for 
more  than  a  century.  Although  driven  by  wars,  west  to  the  Elkhoiii 
river  and  as  far  south  as  the  vicinity  of  Lincoln,  the  capital  of 
the  state.  These  Indians  have  clung  persistently  to  their  villages 
on  Omaha  Creek  and  its  tributaries.  In  1855  they  made  their  first 
separate  treaty  with  the  United  States  and  ceded  their  hunting- 
grounds  lying  between  the  Nebraska  and  Piatt,  a  range  not  far 
from  200  miles  north  and  south,  and  300  east  and  west.  In  this 
treaty  they  negotiated.to  have  their  land  allotted  in  severalty.     As 


ECONOMIC   SCIENCE   AND   STATISTICS.  659 

the  agreement  was  not  carried  out,  their  treaty  of  1866  contained  a 
distinct  provision  for  the  survey  and  allotment  of  the  land  to  those 
members  of  the  tribe  living  at  that  time  upon  the  reservation.  Ac- 
cordingly the  reservation  was  surveyed  in  1868,  and  within  the  next 
three  years  331  certificates  of  allotment  were  issued.  About  ten 
years  ago  the  tribal  village  was  abandoned,  and  the  work  of  agricul- 
ture began  in  earnest.  The  extinction  of  the  buffalo  herds  made  the 
raising  of  corn  and  wheat  of  paramount  importance,  as  henceforth 
the  people  must  depend  upon  the  products  of  the  soil  as  the  sole 
means  of  obtaining  their  entire  supply  of  food,  clothing,  and  all 
the  necessities  of  living.  The  purchase  money  due  the  tribe  was 
paid  in  yearly  instalments  of  the  principal,  and  a  portion  of  the 
payments  was  devoted  to  the  purchase  of  wagons,  harness  imple- 
ments, etc. ;  these  were  of  great  help  to  the  people  now  engaged 
in  the  struggle  of  self-support. 

When  the  Foncas,  a  kindred  tribe,  were  being  taken  by  soldiers 
to  the  Indian  territory  from  their  home  on  the  Nebraska,  where 
they  had  built  houses  and  opened  farms,  the  Omahas  visited  their 
relatives  as  they  were  en  route  south.  Their  distressing  circum- 
stances startled  the  Omahas  out  of  their  feeling  of  security  on 
their  allotted  lands.  To  make  sure  of  their  own  land  tenure, 
lest  they  too  might  suffer  such  an  expulsion,  some  of  the  pro- 
gressive men  took  their  certificates  of  allotment,  which  they  had 
always  supposed  to  be  patents,  to  a  lawyer  for  examination. 
When  the  Indians  heard  that  the  certificate  g^*anted  occupancy 
only,  and  gave  no  title  to  the  land,  not  a  thoughtful  man  among 
them  but  dreaded  the  morrow.  Unable  to  speak  directly  to  the  au- 
thorities, conscious  of  being  misunderstood  and  disliked  by  the 
white  people,  distrusting  all  officials,  the  Indians  felt  themselves 
helpless  in  the  grasp  of  a  power  to  which  they  could  neither  reach 
nor  appeal.  In  the  face  of  this  dismay,  it  is  a  wonder  they  con- 
tinued to  work  and  improve  their  farms  which  they  could  not  own. 

When  the  writer  went  among  the  tribe  to  study  their  life  and 
customs  they  were  found  in  the  midst  of  this  sore  trouble ;  passing 
from  family  to  family,  seeing  their  efforts,  feeling  their  sorrow,  it 
was  impossible  to  do  otherwise  than  to  s^ek  some  means  by  which 
to  bring  them  help.  Statistics  of  their  work  were  gathered  and 
these  showed  beyond  cavil  that  a  large  portion  of  the  tribe  had 
practically  homesteaded  their  farms,  and  thus  had  a  just  claim  for 
a  patent,  aside  from  any  plea  of  sentiment  or  abstract  right  to  the 
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land  of  their  fathers.  The  effort  to  secure  their  land  based  on  this 
claim  was  successful,  and  on  Aug.  7, 1882,  the  President  signed  the 
bill  granting  the  Omahas  patents  to  their  lands  in  severalty.  In 
May,  1883,  under  the  authority  of  the  Secretary  of  the  Interior,  the 
writer  began  carrying  out  the  provisions  of  the  bill,  and  completed 
the  work  in  July,  1884. 

The  bill  gives  to  each  head  of  a  family  160  acres.  Orphans  and 
single  persons  of  eighteen  years  and  over,  80  acres.  All  persons 
under  eighteen  years,  40  acres. 

Nearness  to  market,  and  land  fully  fitted  to  agriculture  are  essen- 
tials to  successful  self-support.  The  Indians  were  urged  to  take 
their  lands  when  these  two  important  points  could  be  covered.  The 
tribe  were  mostly  scattered  in  the  valleys  of  the  bluffs  of  the  Mis- 
soui'i,  and  10,  20  or  30  miles  from  market  and  consequently  suffer- 
ing from  many  disadvantages.  Their  fields  were  small,  and  often 
subject  to  the  sudden  rise  and  overflow  of  the  stream.  To  encour- 
age the  people  to  make  this  desirable  change  the  writer's  first  camp 
was  pitched  in  the  fertile  valley  of  the  Logan,  through  which  the 
Omaha  and  Sioux  city  railroad  runs  following  the  stream.  The 
people  in  large  numbers  soon  gathered  there  and  each  day  was 
spent  going  about  with  the  Indians,  aiding  them  in  their  selection 
of  lands,  and  advising  them  as  to  the  work  of  starting  their  new 
homes. 

In  the  two  townships  through  which  the  railroad  passes,  and  in 
the  two  adjoining  townships  to  the  eastward,  326  allotments  were 
made ;  69  were  to  heads  of  families,  58  to  single  adults,  and  199 
to  persons  under  18  years  of  age.  This  remarkable  exodus  shows 
the  spirit  of  the  people,  and  promises  well  for  the  future.  Near- 
ness to  market  is  secured,  and  the  finest  land  on  the  reservation  is 
now  possessed  individually  by  many  of  the  most  progressive  fam- 
ilies in  the  tribe.  Already  on  these  allotments  something  like 
700  acres  of  prairie  have  been  broken,  trees  planted,  and  in  a  few 
instances,  crops  gathered,  and  several  houses  have  been  built. 

During  the  allotment  of  the  lands  a  surveyor  reestablished  the 
corners  of  sections  where  needful  and  each  Indian  was  made  fa- 
miliar with  his  landmarks  and  as  far  as  possible  taught  the  use  of 
the  township  plats.  An  outline  of  our  laws  of  property  and  legal 
descent  were  explained.  These  were  diflScult  to  make  clear  to  the 
comprehension  of  the  people,  owing  to  ancient  tribal  customs. 

The  money  value  of  different  locations  was  no  incentive  to  selec- 
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tion.  All  arguments  were  generally  met  with  the  saying ;  "That 
may  do  for  the  white  man,  who  does  not  love  the  land  and  is  wil- 
ling to  part  with  it,  but  it  is  different  with  the  Indian.  If  the 
land  is  good  and  near  to  the  market,  I  must  keep  the  land  if  I 
would  have  its  value.  Should  I  sell  the  land,  I  would  have  noth- 
ing to  live  on,  and  what  difference  then  to  me,  its  price?" 

Considerable  formality  was  arranged  to  attend  the  signing  of 
the  paper  of  selection,  from  which  the  patent  was  to  be  made  out. 
Each  man  and  woman  signed  his  or  her  name  or  made  the  mark, 
in  the  presence  of  witnesses  known  to  the  signer,  and  the  reason 
of  this  formality  explained.  Each  Indian  was  thus  brought  into 
direct  and  intelligent  responsibility  with  his  or  her  choice  of  land, 
and  taught  the  importance  attached  to  the  signing  of  a  person's 
name  and  the  guards  placed  about  the  act  by  our  forms  and  cus- 
toms. The  use  and  destination  of  the  signed  papers  were  care- 
fully explained  as  well  as  the  series  of  checks  instituted  by  the 
government  to  insure  against  mistakes.  To  do  the  work  in  this 
manner  took  time,  but  it  has  left  a  permanent  value  among  the 
people. 

Prosperity  and  social  growth  depend  largely  upon  the  stability 
and  security  of  the  family.  Indian  customs  pertaining  to  marriage 
and  divorce  do  not  conform  to  the  general  laws  of  our  country. 
When  the  ancient  Indian  social  usages  were  in  full  force  and  vigor, 
the  integrity  of  the  family  was  fairly  maintained,  but  the  loss  of 
the  old  restraints  has  never  yet  been  made  good  by  the  substitu- 
tion of  our  protective  legal  forms. 

In  order  to  prepare  the  way  for  a  better  social  order  and  at  the 
same  time  furnish  the  data  forth*  legal  inheritance  of  the  land, 
as  provided  for  b}'  the  Act  of  Congress  under  which  the  allotments 
were  being  made,  a  full  registry  of  the  tribe  by  families  was  pre- 
pared and  indexed,  giving  the  name  of  each  member  and  their  rela- 
tionship, and  also  the  number  of  each  allotment  of  each  individual. 
This  number  was  also  placed  upon  its  proper  section  and  subdivis- 
ion on  the  township  plat.  The  registry  and  the  plats  thus  com- 
plement and  explain  each  other  and  will  afford  the  agents  the  means 
to  intelligently  and  effectively  maintain  the  family  relation  and 
secure  the  proper  descent  of  the  land.  Ample  space  was  left  in 
the  registry  book  fof  the  formation  of  new  families,  and  the  Indians 
ufged  to  report  each  birth  and  death  and  marriage  for  registration 
in  order  to  secure  the  full  rights  of  the  land.     In  view  of  the  pe- 
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culiar  difl3culties  attendant  upon  obtaining  exact  information 
concerning  Indian  families ;  difficulties  arising  out  of  social  cus- 
toms, such  as  it  being  improper  to  mention  the  names  of  certain 
relatives  and  the  complicated  and  extended  Indian  relationships, 
the  establishing  of  this  complete  registry  of  families  was  one  of 
the  most  impoilant  acts  connected  with  the  work  of  allotment. 

75,931  acres  were  allotted  in  954  separate  allotments  to  1,179 
persons.  About  55,450  acres  remain  to  the  tribe  for  the  benefit 
of  children  born  during  the  next  twenty-five  years,  the  period  of 
trust  or  guardianship  vested  in  the  United  States. 

The  tribe  at  present  has  between  6  and  7,000  acres  under  cultiva- 
tion and  raise  in  round  numbers  about  100,000  bushels  of  corn, 
50,000  bushels  of  wheat,  30,000  bushels  of  vegetables  and  other 
small  grains,  and  put  up  over  30,000  tons  of  hay.  An  Omaha, 
and  not  one  of  the  largest  farmers,  raised,  last  year,  1,800  bushels 
of  corn  beside  a  good  crop  of  wheat  and  vegetables.  Another 
man  sold  over  800  bushels  of  potatoes,  of  excellent  quality,  and 
he  also  raised  a  very  large  crop  of  wheat,  corn  and  other  grain 
and  vegetables.  It  should  be  stated  that  both  these  instances 
are  given  where  all  the  work  was  done  by  one  man,  with  such  help 
as  his  wife  and  young  children  could  render,  the  older  children 
being  at  school.  It  is  seldom  that  more  than  two  men  work  on  a 
farm  and  there  is  not  a  hired  laborer  on  the  reserve. 

Assigning  the  land  in  severalty  is  comparatively  easy  when  the 
region  is  one  fitted  to  agriculture.  160  acres  of  prairie  can  be 
definitely  calculated  to  produce  certain  crops  and  income,  but 
there  are  vast  tracts  on  Indian  reservations  which  must  be  di- 
vided differently :  for  instance^  the  arid  region  occupied  by  the 
Navajo  tribe.  These  Indians  are  self-supporting  by  sheep-raising 
and  their  present  territory  is  fitted  for  little  else  ;  equitable  division 
of  their  laud  must  be  based  upon  other  calculations  than  prairie 
land.  So,  too,  of  the  regions  in  Montana  and  other  western  terri- 
tories, where  water  is  as  great  a  need  as  land,  all  crops  being 
dependent  upon  irrigation.  Again,  the  fishing  tribes  of  the 
Pacific  coast  present  another  aspect ;  none,  however,  offer  obsta- 
cles which  can  not  and  should  not  be  overcome.  The  Indian 
crisis  is  upon  us  and  a  delay  of  a  few  years  will  find  the  task  made 
more  difficult.  For  the  benefit  of  all  concernecT,  the  Indian  should 
be  given  his  just  and  individual  rights  to  tbe  land,  to  the  law  and 
to  education.     He  is  asking  it  and,  as  far  as  his  power  of  discern- 


ECONOMIO   SCIENCE    AKD   STATISTICS.  663 

ment  goes,  using  it.  Chiefs  oppose  because  land  in  severalty 
breaks  up  completely  their  tribal  power  and  substitutes  civiliza- 
tion and  law. 

It  is  clear  beyond  cavil  that  the  Indian  must  die  or  become  al)- 
sorbed  in  the  body  of  citizens.  That  he  is  not  likely  to  die  out 
is  shown  by  the  fact  that  he  is  already  on  the  increase  ;  therefore^ 
citizenship  with  its  duties  seems  to  be  his  appointed  end,  and  he 
stands  in  need  of  preparation  to  meet  his  coming  fate.  It  is  hug- 
ging a  delusion  to  suppose  that  any  distinct  Indian  nation  or 
nations  can  exist  within  the  limits  of  the  United  States ;  that 
question  has  been  settled  for  men  of  all  colors  and  races. 

Reservations  took  rise  partly  through  the  fears  and  hatreds  bred 
of  race  conflicts,  and  while  they  have  had  their  uses  they  are  not 
adequate  to  the  task  of  fully  civilizing  the  Indian  tribes.  What 
the  Indian  needs  is  that  which  every  man  needs  :  opportunity  for 
experience,  the  freedom  to  make  mistakes  and  suffer  from  them, 
the  urgency  of  necessity  to  stimulate  and  secure  individual  and 
social  growth.  These  conditions  do  not  and  can  not  exist  under 
the  isolation  and  protection  of  the  reservation  system.  The  best 
schooling  for  the  Indians  is  to  mix  with  and  live  with  the  white 
people,  and  those  who  know  the  Indians  best  do  not  find  them  bad 
neighbors.  Nor  are  the  Indians  apt  to  suffer  so  much  from  white 
settlers  as  from  the  roving  adventurers  who  find  immunity  from 
law  near  the  reserves.  The  larger  reserves  which  lie  scattered 
over  the  country  are  harmful  in  their  influence ;  the  stretches  of 
uncultivated  land  often  block  the  path  of  enterprise.  As  the  In- 
dians have  neither  the  training  nor  capital  to  open  up  the  coun- 
try, and  the  white  men  are  tempted  to  acts  of  injustice  to  become 
possessed  of  the  unoccupied  territory,  it  would  be  for  the  advan- 
tage of  civilization  to  break  the  reservation  up  and  make  possible 
the  conditions  under  which  the  Indians  can  become  self-sup- 
porting. 

Such  a  procedure  would  be  but  just  to  the  more  than  two-thirds 
of  the  Indian  population  who  are  to-day  trying  to  engage  in  agri- 
culture. They  should  be  given  their  lands  in  severalty,  the  title 
thereto  being  properly  secured  for  a  term  of  years,  and  the  re- 
mainder of  the  reservation  should  then  be  thrown  open  to  white 
settlement.  The  Indians  would  thus  be  brought  into  daily  contact 
with  every-day,  civilized  living  with  its  various  activities,  its  op- 
portunities for  advancement,  and  its  educated  public  opinion  which 
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recognizes  tbe  valae  of  labor.  Better  acquaintance  and  better  un- 
derstanding between  the  red  and  white  man  would  follow.  Indus- 
try would  find  its  reward,  and  the  law  would  protect  friend  from 
foe.  By  no  other  method  can  the  two  races  be  safe  with  each  other 
in  the  land  where  they  are  fated  to  dwell  t(^ether.  The  Omahas 
are  not  an  exceptional  tribe,  except  in  the  fact  that  they  have 
never  suffered  a  removal.  Other  tribes  of  like  enterprise  should 
have  a  like  reward  of  titles  to  their  lands,  for  their  efforts  toward 
civilization,  made  in  the  absence  of  any  social  stimulus,  for  all  their 
efforts  have  been  individual,  and  not  communistic. 

While  the  Indian  has  not  in  his  native  thought  the  abstract  idea 
of  property  in  law,  he  is  nevertheless  accustomed  to  use  the  land, 
to  cultivate  it  individuall}^  to  l>e  secure  in  the  fruit  of  his  labor ; 
similar  results  can  onl}'  be  obtained  atnong  us  by  individual  legal 
land  tenure.  For  the  possession  of  this  right,  the  different  tribes 
urge  strongly  their  claim  through  their  only  official  organ,  their 
agents.  Every  report  of  the  Commission  of  Indian  Affairs  gives 
ample  testimony  to  this  statement.  The  general  condition  of  ad- 
vancement of  the  Indians  hardly  warrants  giving  them  to-day  a 
fee-simple  title  to  their  lands.  A  large  portion  are  still  struggling 
with  the  task  of  acquiring  a  new  language,  new  methods  of  thought, 
new  modes  of  living,  and  the  confusion  incident  to  the  removal 
of  ancient  landmarks ;  but  none  of  these  conditions,  are  in  the  way 
of  giving  to  many  tribes  their  lands  in  severalty,  the  patents  being 
held  in  trust  for  a  limited  term  of  3'ears.  All  candid  observation 
bears  out  the  remark  of  the  Honorable  Commissioner,  that  ^'  in  no 
case  where  allotments  have  been  made  and  the  title  secured  with 
proper  restrictions  have  any  other  than  the  best  results  followed." 

That  the  words  of  the  Indian  himself  upon  self-support  may  be 
heard,  the  following  quotation  is  taken  from  an  appeal  sent  through 
the  writer  by  the  Councilmen  of  the  Omaha  tribe  to  the  Commis- 
sioner of  Indian  Affairs. 

*'  We  want  to  go  forward  by  our  own  exertions  ;  to  make  this 
sure,  to  have  the  way  clear  before  us,  we  say,  that  as  long  as  the 
Government  sends  us  emplo3'es  we  never  can  work  for  ourselves. 
We  want  the  Government  to  let  us  become  fully  self-supporting. 
We  want  our  children  educated  ;  some  are  being  educated  away  from 
the  Reserve,  others  have  already  learned  trades,  these  latter  can 
open  shops  for  themselves,  and  we  can  eniploy  them  and  pay 
ihera  for  their  work.     We  can  leai-n  much  faster  by  striving  for 


ECONOMIC    SCIENCE   AND   STATISTICS.  665 

ourselves  than  in  any  other  manner.  This  is  the  way  the  white 
people  do,  each  man  struggles  for  himself  and  his  family,  and  owns 
his  property.  The  Government  does  not  deal  with  us  as  with  in- 
dividuals, and  even  the  implements  ai*e  sent  to  the  tribe.  No  one 
takes  care  of  them  for  each  one  says,  '  they  are  not  mine.'  We 
do  not  wish  this  done  any  more.  It  is  not  good  for  the  people. 
We  wish  to  buy  our  own  implements.  The  money  is  now  eaten 
up  fast  by  the  officials.  They  may  try  to  do  right,  but  they  do 
not  satisfy  us.  They  do  not  tell  us  of  the  money  expended,  they 
do  not  tell  us  what  is  paid  for  different  articles,  and  we  are  kept 
in  ignorance  of  our  mone}*  affairs.  As  to  what  is  needed  to  be 
bought,  all  the  people  are  not  of  one  mind.  It  would  be  better  if 
each  person  selected  and  bought  his  own  implements,  he  would 
learn  more  and  improve  faster  if  he  acted  for  himself.  Our  money 
is  now  all  expended  for  us.  This  is  unjust,  we  do  not  wish  it  to 
continue.  It  seems  to  us  that  the  Government  has  given  us 
things  as  playthings  are  tossed  to  children,  to  be  used  by  all  of 
them  as  something  in  common.  The  money  so  used  is  wasted, 
because  there  is  no  individual  care  or  interest,  no  one  owns 
anything.  If  we  could  speak  to  your  friends  in  the  East,  we 
would  say,  *•  We  desire  to  be  treated  as  men,  not  as  children, 
so  that  we  be  listened  to,  and  our  wishes  considered.'  " 


American  pearls.     By  George  F.  Kunz,  New  York,  N.  Y. 

[AB8TRAGT.>] 

Pearls  are  produced  by  the  accidental  lodgment  of  foreign 
bodies  within  the  shell,  such  as  grains  of  sand,  one  of  the  eggs  of 
the  mollusk  itself,  or  a  minute  cercarian  parasite,  penetrating  and 
irritating  the  mantle.  The  animal  is  not  able  to  remove  this  for- 
eign body  and  it  soon  becomes  encysted,  or  covered  as  by  a  cap- 

^This  paper  is  only  preliminary.  In  tlie  near  ftiture  tbe  pearl  will  be  inyestigated 
chemically  and  mlcroftcopically,  and  a  sure  vantage  ground  will  be  Aimished.  In  Uio 
following  article  little  reference  is  made  to  the  species  as  the  list  is  incomplete.  More- 
over) the  author  has  in  view  a  treatise  containing  full  and  authentic  references  to  the 
early  American  explorers,  a  complete  list  of  thote  species  that  have  been  thoroughly 
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sule,  which  gradually  thickens  assuming  various  forms,  round) 
elongated,  mallet  shaped,  etc.,  as  regular  as  though  they  had  been 
turned  in  a  lathe. 

Mr.  C.  L.  Tiffany  suggests  that  the  animal  attempts  to  rid  itself 
of  the  irritation  by  continually  revolving  the  enclosed  particle,  or, 
possibly,  that  a  motion  natural  in  a  degree  is  accelerated  by  the 
intruding  body.  Mr.  Tiffany  has  careftilly  examined  a  large  per- 
centage of  American  pearls  of  all  forms  and  sizes. 

None  of  the  air-breathing  mollusks,  such  as  land  and  sea  snails, 
produce  a  nacreous  shell,  and  among  fresh-water  mollusks  none  of 
the  air-breathers  are  pearl-bearers,^  nor  those  which  breathe  by 
gills,  except  a  portion  of  the  bivalves,  especially  those  belonging  to 
the  group  typified  by  our  common  river  mussels,  which  are 
appropriately  called  the  Naiades. 

The  soft  internal  part  of  these  mollusks  is  covered  by  a  thin 
delicate  membrane  called  the  mantle,  by  the  surface  of  which,  and 
particularly  the  outer  edges,  the  secretions  are  furnished  to  make 
the  shell  and  are  more  lustrous  and  dense  than  the  shell  itself. 
This  shell  has  two  principal  parts,  the  epidermis  and  the  shell 
proper,  the  latter  having  several  layers.  The  epidermis  is  of  a 
horny  texture,  chiefly  composed  of  a  substance  called  conchioline, 
which  is  entirely  dissolved  by  a  caustic  alkali. 

LUSTRE. 

Many  of  the  pearls  are  a  dead  white.  These  are  of  little  value. 
But  the  fine  ones  owing  to  their  delicate  "skin"  or  layers  are  at  times 
more  lustrous  than  even  the  finest  oriental  pearls.  This  lustre  is 
also  much  enhanced  by  their  greater  transparency,  a  really  fine 
white,  pink,  yellow  or  iridescent  pearl  being  translucent  to  a  con- 
siderable degree. 

COLOR. 

From  a  dead  opaque  white,  the  color  is  gradually  enhanced  to  a 
beautiful  iridescence,  then,  shaded  with  pink,  yellow  and  salmon 

examined,  together  with  the  localities  where  the  pearls  are  fonnd,  and  an  account  of 
such  secretions  as  have  commercial  value  tliough  they  are  not  properly  pearls.  The 
sizes,  number  of  pearls  and  value  of  the  annual  yields  will  be  noted  as  lUr  as  possible. 
Any  information  to  assist  in  this  work  will  be  duly  acknowledged  in  the  forthcoming 
paper. 

a  W.  H.  Dall,  Pearl  and  Pearl  Fisheries,  Amer.  Naturalist,  June-July,  1883. 
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tint,  the  color  passes  into  a  decided  form  of  these  colors ;  then 
faintly  purple  tinted  passes  into  a  bright  copper  red,  so  closely 
resembling  a  drop  of  molten  copper  as  to  deceive  the  eye.  Some 
are  a  very  light  green  and  brown,  others  rose,  pale  steel-blue 
and  russet  brown.  Purplish  brown  colors  are  not  uncommon, 
and  they  are  all,  at  times,  beautified  by  a  splendid  lustre  and 
iridescence. 

FORM. 

Some  of  the  odd  forms  are  very  remarkable :  elongated 
fish  forms  are  quite  abundant  and  with  very  little  addition  of 
gold  and  enamel  they  will  represent  fishes,  human  and  dogs'  heads, 
bats'  wings,  birds'  wings.  Mallet-shaped  ones  of  fine  color  and 
lustre  at  each  end  are  found ;  but  as  a  rule  with  opaque  sides. 
Bunched  or  grouped  masses  of  the  pearly  nacre,  are  made  up  of 
from  one  to  over  one  hundred  distinct  pearls,  and  and  are  of  remark- 
able and  fanciful  shapes.  These  distortions  are  generally 
found  under  the  mantle  near  the  lip  of  the  shell.  Feather-like 
forms  with  curiously  raised  pittings,  and  an  odd  rounded  variety 
with  raised  pitted  markings,  are  quite  abundant.  One  pearl,  when 
mounted,  strikingly  resembled  the  bust  of  Michael  Angelo,  and 
some  fine  designs  have  been  made  of  these  baroques  in  the  style 
of  those  mounted  by  Dinglinger  at  the  Dresden  Green  Vaults. 
Although  the  pearls  are  not  as  large  as  the  latter,  more  taste  has 
been  used  in  mounting  them,  and  the  variety  of  form  being  incon- 
ceivable it  gives  an  artist  in  this  line  a  wide  field  for  imagination 
and  design.  Their  value,  however,  is  very  trifiing  unless  remark- 
ably beautiful  and  lustrous.  From  one  to  one  hundred  pearls  may 
be  found  in  a  single  shell  but  such,  as  a  rule,  have  little  or  no 
value.  Very  curious  nacreous  groups  made  up  of  many  small 
pieces  are  at  times  found  attached  to  the  hinge.  These  are  gener- 
ally so  lustreless  as  to  be  of  little  value  and  are  rarely  collected. 
These  groups  are  caused  by  the  conglomeration  of  many  small 
ones,  cemented  by  a  pearly  nacre,  and  are  frequently  half  an  inch 
across. 

Of  the  Unio  pearls  not  one  in  a  hundred  is  of  good  shape,  and 
probably  not  more  than  one  in  a  hundred  of  these  is  really  a  fine 
pearl ;  and  as  the  value  of  a  pearl  depends  on  lustre  and  form,  not 
more  than  one  pearl  in  a  hundred  is  of  more  than  trifling  value.  Rev. 
Dr.  Hovey  communicated  to  me  that  he  had  himself  found  a  fine 


668  SECTION    I. 

pearl  nearly  one-half  of  an  inch  across  in  the  shell  of  Unio  ouatua 
at  Cincinnati,  O.  Some  of  the  pearls  are  opaque  and  apparently 
worthless,  but  if  the  outer  layer  of  these  chances  to  be  thick, 
the  pearly  layer  immediately  underlying  it  may  be  clear  and  iri- 
descent to  some  depth.  In  these  cases  the  pearl  may  be  made 
valuable  by  removing  the  outer  coat  with  a  weak  acid  solution. 
Sometimes  the  layer  is  not  thick  and  restoration  vain,  for  some 
pearls  are  not  pearly  throughout. 

Unio  pearls  have  often  been  found  in  the  mounds  of  the  Ohio 
Valley  and  the  South,  and  some  years  since  I  was  informed  of  a 
find  near  Cincinnati  of  some  of  these  dead  pearls  one  inch  in  diam- 
eter and  quite  round.  Strange  to  sa}^  after  making  inquiries  I  am 
unable  to  learn  the  possessor,  although  the  find  was  really  authen- 
tic. The  greatest  find,  however,  is  one  from  the  mound  in  the 
little  Miami  Valley  explored  by  our  Secretar}',  Prof.  F.  W.  Put- 
nam, and  Dr.  C.  L.  Metz,  who  procured  over  sixty  thousand 
pearls,  drilled  and  undrilled,  undoubtedly  of  unio  origin,  all, 
however  were,  either  deca3'ed  or  very  much  altered,  and  of  no  com- 
mercial value. 

Col.  Chas.  C.  Jones,  Jr.,^  expatiates  on  pearl-finding  in  the 
southern  mounds,  and,  in  addition  to  his  own  valuable  observations, 
gives  exhaustive  references  to  the  early  explorers. 

Unio  pearls  have  always  been  found  since  the  early  settlement  of 
this  country,  but  the  finding  at  Notch  Brook  near  Paterson,  N.  J., 
by  Mr.  Quackenboss  of  a  pearl  weighing  ninety- three  grains,  of 
fine  lustre,  and  sold  by  Tiffany  &  Company  for  about  $2500,  in 
1857,^  created  an  excitement  that  stalled  the  search  for  pearls  in 
many  of  the  states,  and  the  appended  list  will  show  the  results 
produced  by  it.  The  unios  at  Notch  Brook  and  elsewhere  were 
gathered  b}'  the  millions  it  is  said,  and  destroyed,  often  with  little 
or  no  result.  One  large  round  pearl  weighing  four  hundred  grains 
was  destroyed  by  boiling  the  shell  to  open  it  at  this  time.  Many 
of  the  brooks  and  rivers  were  then  completely  raked  and  scraped  ; 
among  them  the  Oletangy,  at  Delawai*e,  Ohio,  and  a  number  of 
streams  near  Columbus,  often  in  a  reckless  manner,  with  very 
little  apparent  result.  Within  one  j^ear  pearls  were  sent  in  from 
nearly  every  state  and  full}'  $15,000  worth  of  pearls  were  purchased 

'Antiquities  of  the  Southern  Indians,  New  York,  1878. 

*  This  pearl  is  supposed  to  belong  now  to  the  Empress  Eugenia  and  would  tO'day  be 
valued  at  from  $10,000  to  $12,000. 
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in  1857 ;  in  1858  about  $2000 ;  in  1859  about  $2000  ;  m  1860  about 
$1500;  from  1860  to  1863  only  jiSOO.  The  excitement  then 
abated  until  about  1868,  but  since  then  many  of  the  Little  Miami 
river  pearls  have  been  found. 

Within  the  last  four  years  the  pearls  have  nearly  all  come  in 
from  a  comparatively  new  district  and  this  source  is  apparently 
on  the  increase.  At  first  few  pearls  were  found  west  of  the  Ohio, 
or  rather,  few  were  looked  for,  but  gradually  the  line  has  extended 
and  now  Tennessee  and  Texas  are  the  principal  pearl  states,  but 
they  are  also  sent  north  from  Florida. 


1857  TO  1863. 

Locality. 

Haydenville,  Mass. 

Paterson,  N.  J. 

Sunderville 

,  Mass. 

N.  Haven, 

Ct. 

Forestville, 

Ct. 

Gilford  Village,  N.  H. 

Haver  straw 

,  N.  Y. 

East  Hampton,  Mass. 

Rocky  Hill 

,  Ct. 

Canton,  Ct 

. 

Unity,  Me. 

Waterbury, 

Vt. 

Vermont. 

Cincinnati, 

0. 

Springfield, 

»  Mass. 

Waynesville,  Ohio. 

LARGE    PEARLS. 

1857.          ] 

I  pearl 

93   grains. 

(( 

pink 

15 

(( 

(( 

.     25^ 

L       ^' 

white 

40J 

4( 

round 

24i 

1       (( 

white 

25f 

(i 

oblong 

24f 

(( 

21 

(i 

oval  leaden 

33i 

(( 

pink 

31^ 

•*                    * 

(( 

drop  ribbed 

43^ 

(( 

17f 

1 

1       t( 

21i 

* 

I      *' 

white  perfect 

31f 

A 

1       *' 

pear  shaped 

19 
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1857. 

pearl 

pear  shaped, 

uneven  60    ^ 

jrai 

K 

pinkish 

100 

(4 

1858. 

(( 

perfect 

41 

«4 

(( 

38 

44 

1859. 

(( 

round 

13 

(4 

> 

i( 

pink 

29J 

C4 

ii 

* 

15J  to  29^ 

44 

1860. 

(i 

mated 

40X 

44 

(4 

29 

4( 

(( 

perfect 

17 

44 

9 

(( 

lOi  to  19J 

44 

1863. 

1 

(4 

perfect 

PRODUCTION. 

39^ 

44 

Sept.,  1881  to  1882.     210  lots  for  $7500. 

Sept.,  1882  to  1883.     72  lots  for  $5000. 

Sept.,  1883  to  August,  1884.     71  lots  for  $6000. 

Single  pearls,  one  from  Montpelier,  Vt.,  for  $300 ;  Waynesville, 
Ohio,  for  $200 ;  Boston,  Texas,  for  $250  ;  one  pink  pearl,  19^  grains, 
from  Murfreesboro,  Tenn.,  for  $80 ;  another  from  Murfreesboro, 
Tenn.,  for  $150  ;  one  from  Llano,  Tex.,  for  $95. 

The  wholesale  destruction  and  the  changes  in  the  water  due  to 
manufacturing  industries  have  no  doubt  nearly  exhausted  many 
varieties  of  the  Unionida. 

Within  the  last  five  j^ears,  as  the  table  will  show,  the  pearls  have 
been  found  principally  in  Tennessee,  Texas  and  Kentucky.  The 
more  eastern  states  are  so  densely  populated  und  the  brooks  so 
polluted  witii  sewerage  and  refuse  from  factories,  etc.,  that  the 
animal  life  of  the  streams  is  exterminated  or  on  the  wane,  in  many 
localities.  Vermont,  New  Jersey,  and  Ohio,  where  pearls  were 
formerly  found,  have  successively  lost  this  resource,  until,  at 
present,  very  few  pearls  are  obtained  in  these  states. 

One  of  the  finest  and  best  known  collections  of  unio  pearls  is 
the  one  belonging  to  Mr.  Israel  H.  Harris  of  Waynesville,  O.,  who 
has  for  many  years  purchased  and  collected  everything  of  value 
in  his  section  of  the  state  of  Ohio,  where  some  of  the  finest 
American  pearls  have  been  found.  He  has  a  large  variety  of  all 
the  oddities  and  also  a  fine  lot  of  the  good  pearls. 
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CONCH   PEARLS. 

The  concretions  found  in  the  Stromhus  gigas  are  very  beautiful, 
but  since  not  nacreous,  they  are  not  true  pearls.  They  are 
almost  always  pink  in  color  and  at  times  resemble  rounded  or 
elongated  masses  of  the  shell,  but  as  a  rule  the  fine  ones  are 
beautifully  lustrous.  They  are  rarely  round,  usually  a  little  elon- 
gated or  oblong  in  form,  and  the  surface  of  the  greater  number 
is  much  beautified  by  the  reflections  produced  by  a  fibrous  stellated 
structure  that  causes  the  light  to  play  over  the  surface,  but  in  a 
manner  diflferent  from  satin  spar  or  the  cat's  eye  effect,  owing  to 
the  different  arrangement  of  the  structures. 

Mr.  James  R.  Curry  of  Key  West,  Florida,  states  that  at  Key 
West  and  Tortugas  fully  15,000  shells  are  used  annually  as  an 
article  of  food,  and  also  for  bait,  selling  at  the  rate  of  three  for 
ten  cents,  uncleaned.  He  has  lately  paid  some  attention  to  pearl 
collecting  and  never  observed  more  than  one  in  a  shell.  He  in- 
stances one  as  large  as  a  small  hazel  nut.  A  few  of  those  found 
were  of  very  fine  color,  equal  to  and  some  really  finer  in  color 
than  those  from  the  West  Indies,  although  not  so  regular  in  form. 
The  principal  colors  were  canary,  salmon-pink,  pink,  black  and 
pure  white.  The  value  of  none  exceeded  $50.  Pearls  of  this 
kind  are  obtained  from  the  West  Indies,  some  of  which  are  worth 
$500  apiece.  They  have  occasionally  been  observed  one-half  of 
an  inch  in  length  and  of  a  very  fine  quality. 

Of  late  years  in  the  United  States  the  demand  has  been  some- 
what limited.  A  84000  necklace  of  these,  in  the  possession  of 
Messrs.  Tiffany  &  Co.,  is  worthy  of  mention.  For  some  time 
they  nearly'  controlled  this  whole  fishery,  but  the  yield  is  very  un- 
certain. On  the  Pacific  coast  several  species  of  Haliotis  (ab- 
alone  shell)  are  used  by  the  Chinamen  for  food  and  bait.  They 
secrete  very  curious  pearly  masses,  sometimes  with  fine  lustre, 
and  choice  enough  to  deserve  a  place  among  pearls.  One  of  these 
measured  two  inches  in  length  and  one-fourth  to  one-half  inch  in 
width.  A  necklace  of  the  fairest  of  them  has  been  made  by  a 
California  jeweller.  A  pearl  over  one-half  an  inch  long  and  of 
good  color,  which  was  used  as  the  body  of  a  jewelled  fly,  cost  $30. 
Mr.  C.  R.  Orcutt  of  San  Diego,  Cal.,  has  paid  some  attention  to 
collecting  these  pearls. 

The  common  clam   (  Venus  mercenaria)  at  times  secretes  pearls. 
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These  vary  in  color  from  a  pure  ivory  white — so  similar  to  an 
ivory  button  as  to  pass  readily  for  it — to  the  same  color,  faintly 
tinted  blue,  and  then  passing  from  a  reddish  purple  and  a  purple 
blue  to  nearly  purple  black.  The  white  are  valueless,  the  tinted 
of  verj'  little  value,  the  darker  colored  pearls  are  often  from  ^ 
to  J  of  an  inch  in  diameter,  and  fine  ones  have  retailed  for  $20  to 
$100.  The  writer  has  never  known  one  to  sell  for  more  than 
$100.  There  is  very  little  demand  for  them,  and  the  supply  is 
limited.  Unless  the  color  is  very  good  they  possess  little  beauty 
because  they  lack  the  lustre  peculiar  to  other  pearls,  and  as  a 
rule  are  used  as  some  part  of  a  design.  Mounting  with  diamonds 
very  much  improves  the  appearance  of  the  darker  ones. 

Our  common  oysters  (Ostrea  borealis  and  Ostrea  Virginiana) 
occasionally  secrete  one  or  more  pearly  bodies,  always  dead  white 
in  color.  In  addition  to  the  form,  there  are,  as  a  rule,  brilliant 
reflections  produced  by  a  fibrous  radiated  structure,  similar  to 
that  observed  in  the  common  conch.  The  "skin"  of  these  pearls  is 
never  smooth  or  lustrous  and  consequently  they  have  no  value 
whatever,  although  often  supposed  to  have.  Rev.  Dr.  Hovey 
communicated  to  me  that  he  had  found  twenty-nine  pearls  in  a 
single  common  oyster  {Ostrea  borealis)  at  New  Haven,  Conn.  In 
the  Smithsonian  report  for  1881,  page  131,  Mr.  Samuel  Akron 
affirms  that  Mr.  Chas.  £.  Ash  took  forty-five  pearls  from  a  single 
oyster  in  Providence  Bay. 

The  reason  so  few  American  conchologists  have  paid  attention 
to  the  American  pearls  is  that  it  is  really  the  old  distorted  and 
diseased  shells  that  contain  them,  and  for  collections  these  are 
not  as  desirable  as  the  finer  shells.  A  number  of  these  collectors 
who  have  opened  many  thousands  of  unios,  have  never  observed 
a  pearl  of  any  value.  The  pearls  are  found  cither  by  farmers 
who  devote  only  their  spare  time  to  this  industry  and  if  no  result 
is  obtained  feel  that  there  is  no  loss,  or  by  those  who  have  no  reg- 
ular pursuit  and  generally  constitute  the  nautical  element  of  our 
country  villages.  No  doubt  many  shells  are  destroyed  in  this  way 
that  do  not  contain  a  pearl.  There  are  young  and  old  shells, 
those  that  have  a  pearly  lining  and  those  without,  in  the  latter  case 
the  pearls  are  valueless.  In  order  to  obviate  this  wholesale  de- 
struction it  would  be  well  to  use  such  Instruments  as  have  been 
employed  in  Saxony  and  Bavaria, — a  thin,  fiat,  iron  tool  with  a 
bent  end,  in  the  former  country.    The  end  is  inserted  in  the  shell 
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and  the  handle  then  turned  90°,  thus  opening  the  shell  without 
injury  to  the  animal.  Another  implement  is  a  pair  of  pliers  with 
sharp-pointed  jaws  and  a  screw  between  the  arms,  which  is  turned 
by  the  hand  until  the  valves  of  the  shell  are  sufficiently  distended 
to  see  whether  it  contains  a  pearl.  If  it  does  not  the  animal  is 
returned  to  its  former  haunts,  perhaps  to  propagate  more  valu- 
able progeny. 

I  would  suggest  that,  in  gathering  the  shells,  only  such  as  are 
full  grown,  old,  and  distorted  by  disease  be  taken,  that  the  fisheries 
may  be  preserved ;  and  that  the  shells  be  opened  as  soon  as  taken 
from  the  water  and  not  allowed  to  open  by  decay,  since  this  dis- 
colors the  pearls ;  and,  particularly,  that  they  never  be  opened  by 
boiling,  since  this  destroys  all  the  lustre  and  value. 

Perhaps  the  greatest  pearl  fishery  in  America  is  the  one  at  La 
Paz,  Lower  California ;  most  of  these  pearls  are  sent  to  market  by 
way  of  San  Francisco,  and  the  total  product  of  the  fisheries  has 
amounted  to  $250,000  per  annum,  and  the  sale  of  shells  to  as  much 
more.  The  pearls  vary  in  color  from  pure  white,  through  all  the 
shades  of  white,  gray  and  brown,  to  black  ;  the  latter  having  be- 
come so  fashionable  of  late  years  that  their  value  has  increased  as 
much  as  ten-fold.  The  shell  is  the  true  pearl  oyster  {Avicula 
margaritifera).  One  black  pearl,  weighing  fifty  grains,  was  val- 
ued at  $8000  by  Messrs.  Tiffany  &  Co.  More  will  be  said  of  this 
fishery  in  a  subsequent  paper. 

Locality,  No.  of  Pearls,  Weight,  Paid. 

Nov.  1868  LaPaz       1  dark  22]^  grs. 

149  321J 

164  small  444| 

5  dark  47^      ''       $945.00  gold 

1  white  28J 

18  dark  pear  8f  to  45f  grs. 

10  white  pear  8  to  28^  grs. 

1  26^  grs.  10.00 
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TITLES   OF   OTHER   PAPERS   READ    IN    SECTION  I. 

The  aims  and  methods  of  manual  training  schools.    By  Prof. 

C.  M.  Woodward,  Washington  University,  St.  Louis,  Mo. 
The  education  of  pauper  children  industrially  and  other- 
wise.   By  Rev.  Jambs  0.  Beyan,  Edgebaston,  Birmington, 

England. 
The  philosophy  of  criminal  development.      By  Prof.  Lewis 

M.  Haupt,  University  of  Penn.,  Philadelphia,  Pa. 
On  indexing  the  literature  of    science.      By  B.   Pickman 

Mann,  Department  of  Agricalture,  Washington,  D.  C. 
The  principles  of  graphic  illustrations.     By  Dr.   Franklin 

B.  Hough,  Lowville,  N.  Y. 
Production  and  distribution.    By  Edward  Atkinson,  Boston, 

Mass. 
Experiments  in  a  new  method  of  land  cultivation  bt  the 

use  of  dynamite   and  the  important   results   obtained. 

By  Geo.  W.  Holley,  Ithaca,  N.  Y. 

A    NATURAL    SCHEME    OF    HIGH    CULTURE.        By    EnUT    FoRSBERG, 

New  York,  N.  Y. 

A  NEW   RESOURCE    FOR  THE  WOMEN   OF  THE   UnITED   StATES  :    SILK 

CULTURE.    By  LoRiN  Blodget,  Philadelphia,  Pa. 
Brief  outlines  of  the  investigations   upon  the    power    to 
move  railroad  trains,  and  the  mechanical  inspection  of 
railroad  tracks,  as  made  by  the  dynagraph  and  track 
INSPECTION  CAR.    By  P.  H.  DuDLEY,  Ncw  York,  N.  Y. 


The  following  title  of  a  paper  was  accidentally  omitted  from 

SECTION  A. 

Mechanical  arithmetic,  illustrated  by  the  averaging  ma- 
chine.    By  W.  S.  Auchincloss,  Philadelphia^  Pa. 


ABSTRACT  OF  THE  PROCEEDINGS  OP  THE  ENTOMOLOGICAL 

CLUB  OF  THE  A.  A.  A.  S.* 


The  meetings  of  the  Club  were  very  well  attended,  some  thirty  gentle- 
men and  ladles  having  been  present ;  among  them  some  of  our  best  known 
entomologists.  A  feature  of  the  meeting  was  the  presence  of  Dr.  Jno. 
G.  Morris  well  known  to  all  entomologists  as  one  of  the  pioneers  in  Am- 
erican Lepidopterology ;  to  whom  we  owe  pur  first  catalogue,  and  to 
whose  efforts  we  owe  also  the  first  attempt  at  systematizing  our  lepidop- 
terous  fauna.  It  will  no  doubt  be  a  pleasure  to  our  readers  to  learn 
that  Dr.  Morris  has  announced  his  intention  of  returning  to  his  first  love 
—  Entomology,  and  we  doubt  not  he  will  be  hailed  with  sincere  pleasure 
by  the  new  generation  of  entomologists  who  have  hitherto  known  him  so 
favorably  by  what  he  has  already  done. 

Sept.  3d.  Officers  elected.  John  G.  Morris  of  Baltimore,  President; 
Herbert  Osborn  of  Ames,  la.,  Vice-President;  John  B.  Smith  of  Brook- 
lyn, Secretary. 

Dr.  Horn  called  attention  to  the  historical  associations  connected  with 
the  place  In  which  the  club  then  met.  On  that  very  spot  in  the  old  Muse- 
um of  Natural  History,  Thomas  Say,  poor  in  pocket,  though  rich  in  brain, 
put  up  his  bed  under  the  skeleton  of  some  large  mammal,  and  this  for 
months  was  his  only  home.  There  also  he  contracted  the  illness  which 
resulted  in  his  death. 

A  paper  from  D.  S.  Kellicott,  '*  On  the  ovipositing  apparatus  of  Nonag- 
ria  subcamea  "  was  read  by  the  Secretary. 

The  last  two  abdominal  segments  of  the  $  are  strangely  modified.  The 
last  is  laterally  broad,  chitinous  except  at  base,  terminating  in  two  finger 
like  processes ;  these  are  connected  at  the  apices  and  curve  downward. 
Two  concave  discs  lead  to  the  anal  orifice ;  it  Is  evidently  along  this  chan- 
nel that  the  eggs  are  passed  by  the  ovipositor.  On  either  side,  and  below 
the  groove  is  a  strong  chitinous  ridge  with  saw-like  teeth,  pointed  back- 
ward. The  other  modified  ring  consists  of  a  heavy  band  with  stout  pos- 
terior processes  for  muscular  attachment ;  below  are  two  stout  chisels 
pointing  backward  and  overlapping  the  first  basal  teeth  of  the  **  saws  "  of 
the  last  ring. 

The  eggs  are  laid  near  the  edge  of  the  leaf  in  a  row,  and  the  leaf  Is  then 
bent  over  the  eggs,  careAiUy  cemented  do^n,  and  a  perfect  tube  thus 
formed.    The  manner  In  which  this  Is  done  has  not  been  witnessed. 

The  Imago  has  a  very  peculiar  and  very  prominent  pointed  clypeal  pro- 
jection, of  use  probably  in  enabling  It  to  pierce  the  stems  of  the  Typha 
in  which  it  lives  during  the  larval  period  and  undergoes  Its  transforma- 
tion. 

1  Printed  at  the  request  of  the  Club. 
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Mr.  Smith  cited  the  presence  of  similar  modifications  in  other  groups  of 
the  Noctuidse. 

Mr.  John  B.  Smith  exhibited  six  large  photographic  plates  of  Agrotis  and 
gave  a  review  of  the  remarkable  range  of  yariatlon  in  structure  found  in 
the  genus,  much  greater  than  in  many  recognized  genera. 

In  response  to  a  question  ftom  Dr.  Morris,  Mr.  Smith  said  that  in  the 
Noctuidae^  genera  were  undoubtedly  based  upon  very  thin  characters  — 
less  so  than  in  Coleopttra^  however. 

Dr.  Horn  said  it  was  long  since  laid  down  by  Lacordaire  that  characters 
of  scarcely  specific  value  in  one  group  formed  excellent  bases  for  high 
divisions  in  others ;  genera  have  no  existence  in  nature  and  are  created 
only  for  convenience  in  dividing  up  large  masses  of  species  to  facilitate 
recognition.  Nature  has  species  only.  Of  late,  however,  persons  afllicted 
with  the  mihi  itch,  finding  new  species  scarce  had  taken  to  describings 
genera.  For  12,000  species  of  Coleoptera  some  2000  genera  had  been  de- 
scribed. 

Dr.  McCook  said  in  the  spiders  and  ants  there  is  plenty  of  room  for 
persons  with  the  mihi  itch,  as  there  is  a  very  large  mass  of  undescribed 
material. 

Mr.  B.  P.  Mann  then  proposed  a  combination  of  the  entomological  journ- 
als of  America  to  be  published  by  a  stock  company  and  to  combine  the 
good  features  of  each.  This  proposition  provoked  much  discussion  and 
while  the  general  sentiment  was  in  favor  of  such  a  publication  the  opin- 
ions also  went  generally  to  the  point  that  it  would  be  still  less  likely  to 
pay  than  those  now  existing.  The  Am.  Entom.  Soc.  is  wealthy  enough 
to  publish  everything  in  the  way  of  long  systematic  papers  presented  to 
it,  and  the  *'  Transactions"  would  be  the  natural  avenue  for  such  works. 
The  Bull.  Bkln.  Ent.  Soc.  covered  another  ground  In  the  way  of  reducing 
to  its  simplest  and  most  comprehensive  form  the  knowledge  of  Coleop- 
tera  and  Lepidoptera:  often,  as  Dr.  Horn  stated,  publishing  the  result  of 
two  weeks'  hard  work,  on  less  than  two  pages.  It  was  also  published  and 
supported  by  a  Society  willing  and  able  to  support  it.  The  Can.  Ent.  was 
supported  by  government  aid.  '  *  Fapilio  "  was  established  merely  to  enable 
certain  authors  to  get  into  print  more  rapidly  than  they  could  otherwise 
do,  and  its  editor  announced  that  he  saw  no  reason  for  its  continued  exis- 
tence.   '^  Psyche  "  has  a  hard  struggle,  but  will  not  suspend  Just  yet. 

A  committee  was  appointed  to  consider  whether  such  a  combination 
was  advisable,  and  whether  and  how  it  could  be  supported. 

This  committee  afterward  reported  adversely  to  any  such  scheme. 

Prof.  Fernald  then  proposed  a  series  of  very  interesting  questions  pro« 
voking  considerable  discussion,  and  on  these  questions  he  would  like  the 
opinions  of  all  who  may  have  considered  them. 

1.  Where  a  name  has  once  been  published  by  an  author,  shall  we  change 
the  mode  of  spelling  to  one  more  consistent  with  its  derivation;  e.  g. : 
Treitschke  writes  CochyliSj  probably  by  mistake ;  shall  we  adopt  his  spell- 
ing or  the  more  correct  Concfiylisf 
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Dr.  Horn  said  no :  some  authors  merely  put  together  a  lot  of  letters  with- 
out any  meaning  whatever  and  called  them  names  of  genera.  If  such  bar- 
barisms were  accepted  we  should  not  change  a  name  as  originally  spelled 
by  the  author.  Mr.  Mann  agreed  with  Dr.  Horn.  Dr.  McCook  thought  we 
might  make  the  change ;  but  not  if  thereby  the  author's  right  to  priority 
would  be  destroyed. 

2.  Where  an  author  publishes  a  name  manifestly  incorrect  In  orthog- 
raphy, and  in  a  later  work  corrects  his  own  error,  shall  we  adopt  his  cor- 
rection? 

The  sentiment  was  that  when  the  correction  was  made  within  a  reason- 
able time  and  before  the  Incorrect  form  had  come  into  general  use,  it 
should  be  adopted. 

3.  Should  the  termination  of  the  specific  name  be  made  to  agree  with 
the  generic  in  gender?  e.  ^.,  Zeller  writes  Tortrix  viHdana;  Exartema 
permundanum ;  Lophoderus  miniatramts.  Shall  this  rule  be  adopted,  or 
shall  we  adopt  the  ending  in  ana  irrespective  of  the  gender  of  the  genus? 

Dr.  Horn  said  in  Coleoptera  specific  and  generic  names  always  agree 
in  gender;  where,  however,  a  termination  means  something;  t'.  e.,  indi- 
cates t^e  family  to  which  an  insect  belongs,  he  would  use  the  uniform 
terminations.  Mr.  Mann  said  he  did  not  believe  In  uniform  terminations 
and  while  he  would  not  change  existing  names,  neither  would  he  consider 
himself  bound  to  uniform  terminations  in  proposing  new  ones. 

4.  Where  a  Tortricid  species  is  described  with  a  name  not  ending  in 
ana  should  this  be  changed  to  auaf  e.  g.,  Carpocapsa  pomonella?  Prof. 
Fernald  said  he  was  adverse  to  such  change,  and  no  one  disagreed  with 
him. 

5.  To  what  extent  should  the  law  of  priority  be  made  use  of  ?  Shall 
we  make  use  of  the  oldest  name  even  If  the  species  has  been  known  nnder 
another  for  a  long  time?  If  not,  for  how  long  a  time  must  a  name  uni- 
versally or  generally  be  in  use  to  take  precedence  over  an  older  name? 

The  sentiment  of  the  meeting  was  that  discussion  of  this  question  would 
be  useless,  as  no  conclusion,  even  if  one  were  reached,  would  be  respected. 

6.  What  should  be  taken  as  the  starting  point  in  nomenclature ;  some 
have  taken  the.  12th  edition  of  Liu.  Syst.  Nat.  while  others  have  taken 
the  10th  edition? 

No  decided  opinions  were  elicited  though  preferences  were  stated. 

Prof.  Fernald  expressed  surprise  that  Htibner's  Verzeichnlss  genera 
should  be  so  generally  ignored,  though  they  were  after  a  fashion  de- 
scribed, while  Guenee*s  genera  of  micros  proposed  In  the  Index  methodi- 
cus,  though  not  sanctioned  by  one  word  of  description  were  universally 
adopted. 

Dr.  Horn  thought  the  case  might  be  parallel  to  that  of  Erlchson  and 
Motschulsky  both  of  whom  had  proposed  some  generic  terms  without 
description ;  but  while  Erlchson's  genera  were  all  adopted  because  they 
always  were  well  founded,  Motschulsky's  were  as  uniformly  ignored  be- 
cause usually  unfounded. 

Mr.  Smith  said  as  to  Noctuidae  the  parallel  would  hold.    Prof.  Fernald 


680  PROCEEDINGS    OF  THE 

said,  not  so  of  TortricUlae;  Gnenee  has  just  as  many  baseless  genera  as 
Hiibner  has. 

Sept  4th — On  this  occasion  the  meeting  was  held  at  the  Ac.  of  N.  Sc. 
in  the  rooms  of  the  Am.  Ent.  Soc.  Mr.  J.  H.  Emerton  exhibited  a  large 
number  of  his  types  of  spidera  recently  described  by  him,  and  the  collec- 
tions of  the  Society  were  open. 

Mr.  Smith  gave  an  account  of  the  secondary  sexaal  characters  of  some 
Lopidoptera,  notably  Noctuidae  and  DeltoidaCt  illnstrated  by  blaclcboard 
sketches.     In  the  Deltoids  these  characters  are  most  aberrant;  in  the 
Hfrminiinae  the  anterior  coxa  is  slender,  much  elongated,  the  femur  a 
mere  shell,  Airnished  with  a  dense  tuft  of  long  hair;  the  tibia  is  more  or 
less  aborted,  and  modified  into  a  flattened  plate,  also  ftirnished  with  a 
large  tuft.    The  first  tarsal  joint  which  is  usually  mistaken  for  the  tibia 
is  greatly  elongated  and   is  inserted  into  the  tibia  near  the  base.      In 
Palthis  the  tibia  is  very  short,  and  the  tarsi  developed  to  an  enormous 
extent.     In  addition  the  $  Palthis  has  a  very  long  tuft  of  hair  on  the  ter- 
minal joint  of  palpi.    Various  antennal  peculiarities  were  noted,  Renia  has 
a  strongly  bent  joint  at  basal  third,  from  the  base  of  which  proceeds 
an  articulated  appendage  fringed  with  hair.    Zanclognatha  has  a  dlffei*ent 
bend  and  lucks  the  articulated  appendage.    The  modification  in  tlie  $  of 
Heliothis  paradoxus  and  other  forms  with  pellucid  spots  on  primaries  was 
discussed,  and  the  questions  raised  :  What  purpose  do  they  serve?  What 
value  shall  they  have  in  classification? 

Prof.  Fernald  said  in  the  Tortricidae,  generic  and  even  higher  value  had 
been  accorded  these  characters.  A  prominent  one  in  this  family  was  the 
coital  fold  which  sometimes  extends  two- thirds  across  the  wing. 

Dr.  Horn  said  both  sexes  must  be  considered  in  characterizing  a  spe- 
cies; n  species  consists  of  two  separate  individuals  which  must  be  studied 
as  one.  Synoptic  work  has  a  higher  aim  than  the  mere  recognition  of  spe- 
cies. 

Mr.  Macloskle  called  attention  to  some  sexual  difi'erences  in  birds;  the 
flickers  of  the  East  and  West  were  widely  difi'erent :  in  intermediate  points 
intermediate  forms  were  found  and  the  $8  were  almost  indistinguishable. 
Yet  they  were  distinct,  and  though  no  anatomical  difl'erQnces  could  be 
found  there  must  be  a  physiological  difference. 

Mr.  Osborn  read  a  paper  on  Mallopkaga  and  Pediculidaej  calling  atten- 
tion to  the  correspondence  of  Identical  or  very  similar  species  on  the 
closely  related  birds  and  mammals  of  Europe  and  America,  citing  a  large 
numl)er  of  instances. 

Miss  Cora  H.  Clarke  gave  an  account  of  the  habits  of  some  Caddis  fly 
larvae  belonging  to  Hydropsyche  and  Plectrocnemia^  exhibiting  specimens 
of  their  work. 

Mr.  Mann  explained  how  Prof.  Barnard  raised  larva  living  in  running 
water;  he  confined  them  in  a  glass  tube,  one  end  closed  by  a  porous  sub- 
stance, tlie  other  fastened  to  a  faucet.  In  this  way  a  steady  flow  of  water 
of  any  desired  strength  can  be  kept  up. 

Dr.  Morris  exhibited  a  gall  recently  collected  and  asked  information 
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concerning  its  identity.  Asked  also  what  orders  of  insects  are  known  to 
produce  galls.  Mr.  Osborn  said  about  all  orders  except  Orthoptera  and 
Neuroptera.  Mr.  Smith  said  at  last  one  American  Apionid  was  known  as 
a  true  ^all  producer,  while  several  European  species  formed  root  galls. 

Mr.  Mann  said  in  bibliographical  work  he  had  found  great  difficulty  in 
indexing  galls ;  he  had  among  others  indexed  them  under  descriptive  bot- 
any. 

Mr.  Osborn  said  while  many  plants,  especially  the  Rosacea,  were  subject 
to  galls  yet  they  were  produced  by  insects  and  are  abnormal  so  far  as  the 
plants  are  concerned ;  almost  every  species  of  insect  produces  a  peculiar 
gall  of  its  own. 

Dr.  Hoy  said  galls  were  pathological  appearances  and  rather  diseases  of 
plants ;  as  much  out  of  place  in  desciiptive  botany  as  a  description  of  can- 
cer in  a  description  of  the  lips. 

Dr.  Morris  remarked  on  the  scarcity  of  larva  and  imagines  of  Lepid- 
optera,  which  produced  much  discussion,  and  showed  that  while  north- 
ward there  had  been  no  unusual  dearth  of  insects,  elsewhere  all  insects 
had  been  remarkably  rare.  Cardtii  was  an  exception  and  generally 
common.  Mr.  Aaron  cited  a  remark  of  Mr.  lEtidings  that  he  was  always 
afraid  of  a  season  when  cardui  was  abundant,  for  then,  usually,  nothing 
else  would  be  found. 

Dr.  Hoy  remarked  that  in  his  locality  (Racine,  Wis.)  he  had  found 
many  insects  usually  more  southern,  and  started  a  discussion  upon  the 
range  of  P.  turnits. 

The  question  then  turned  upon  the  food  plants  of  P,  ajax.  Dr.  Hoy 
said  the  pawpaw  was  not  found  within  200  miles  of  Racine,  while  ajaz  had 
often  been  found,  still  fresh  and  not  fblly  developed. 

Mr.  Aaron  gave  spice  wood  and  upland  huckleberry  as  further  food 
plants.  Dr.  Hoy  said  they  had  the  huckleberry  but  not  the  spice  bush  at 
Racine. 

Mr.  Osborn  had  seen  ajax  but  knew  of  neither  huckleberry,  pawpaw  nor 
spice  bush  in  the  vicinity  of  Ames,  la. ;  of  the  spice  wood  he  was  not  sure 
—it  might  be  there.  He  reports  from  Sioux  City,  that  there  Chrysochua 
auratus  is  so  common  that  it  is  crushed  under  foot  in  the  streets.  Mr. 
Maun  has  seen  them  in  woods  in  piles  upon  stones. 

Mr.  Saunders  reported  an  abundance  of  H,  textor  everywhere  through 
Canada,  and  from  West  Canada  an  invasion  of  the  larva  of  Chrapta  progne 
on  currants. 

Mr.  Grasf  exhibited  some  specimens  of  Lepidoptera,  rare  or  typical,  of 
recently  described  forms. 

Sept.  8th.— Prof.  Martin  exhibited  some  specimens  of  gum  copal  con- 
taining imbedded  insects,  all  of  which  appeared  to  be  of  a  post  tertiary 
type.  The  gum  is  obtained  near  the  equator,  some  distance  from  the 
shore,  by  digging  at  the  site  of  old  forests,  long  since  extinct,  the  gum 
being  the  product  of  such  trees.  Among  the  Coleoptera,  Dr.  Horn  recog- 
nized a  form  allied  to  Callida,  2  ChrysomelidSy  1  Clerus,  1  Cymatodera,  2 
Longicorns  near  Clytus  and  Leptura  and  an  Elaterid  much  like  one  of  our 
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fipecies  of  Cardiophorua.  Mr.  Smith  recognized  one  of  the  Ltpidopiera 
aa  a  Mamestra,  and  the  Hemiptera  as  representing  common  living  types, 
one  homopterous  species  remarlcably  like  a  form  now  common,  and  in  the 
Diptera  a  common  Muscid  type. 

Frof.  Lintnergave  the  results  of  some  observations  on  it\]arlons  Insects. 
Orgyia  leueostigma  was  very  rare  in  Albany.  Mr.  Dimmock  found  the 
same  in  Boston.  Mr.  Hulst  the  same  on  L.  I.,  and  Mr.  Smith  the  exact 
contrary  at  Cape  Cod,  Mass. 

From  Michigan  the  larva  of  Agrotis  fennica  is  reported  as  so  abundant 
that  it  is  called  the  black  army  worm.  Usually  this  is  a  rare  insect. 
Podisus  cynica  has  been  observed  destroying  the  currant  worm  in  num- 
bers. Lygus  linearis  is  injurious  to  green  peas,  stinging  and  blotching 
them.  Foecilocapsua  lineatus  has  seriously  injured  gooseberries,  stinging 
the  branches  and  thus  causing  their  death. 

Phytonomus punctatus  has  spread  westward  and  attacked  beans;  a  new 
habit  for  this  insect.  Crioceris  asparagi  has  moved  west  as  far  as  Geneva, 
N.  J. ;  heretofore  it  has  been  confined  to  the  coast  districts.  Qaleruulla 
xanthomelaena  has  been  very  destructive  to  elms.  A  vast  number  of  spec- 
imens of  Otiorhynchus  ligneus  were  found  in  a  house  which  had  been 
closed  for  four  years.  What  had  they  fed  on?  There  was  nothing  in  the 
house,  and  one  of  the  natural  articles  of  food  is  the  strawberry  root. 

A  curious  seed  {Euphorbia^  probably)  from  Mexico  was  exhibited 
locally  known  as  the  **jumping  seeds."  The  peculiarity  consists  of  a 
series  of  erratic  movements  and  leaps  made  by  the  apparently  perfect 
seed.  They  coutain,  however,  a  larva  of  Carpocapsa  aaltUans,  and  it  is 
the  motions  of  this  Insect  which  cause  the  movements  of  the  seeds;  why 
they  make  these  motions  is  unknown.  The  species  closely  resembles  C 
pomonella  but  has  very  differently  formed  legs,  the  tarsi  being  hidden  by 
long  scaly  tufts. 

Dr.  Horn  calls  attention  to  the  fact  that  all  the  injurious  Coleoptera 
cited  by  Mr.  Lintner  were  imported  species  and  that  the  fact  of  their  mo- 
tion westward  along  the  line  of  their  food  plant  was  to  be  expected. 
CiHoceris  1 2'punctatai  also  an  imported  species,  has  been  taken  near  Bal- 
timore; near  that  city,  and  Alexandria  many  imported  species  are  found. 
Blaps  mortisiga  and  one  other  species  are  common ;  the  former  can  be 
taken  in  some  places  by  the  bushel.  The  remarkable  increase  of  some 
species  is  curious.  In  1874  when  working  with  Dr.  Leconte  on  the  Bhyfi' 
chophora  among  all  their  material  only  a  single  specimen  of  Aramigea 
FuUeri  was  contained  and  that  came  from  Montana.  A  year  or  two  after 
it  was  received  from  all  parts  of  the  country  and  was  dreaded  as  one  of  the 
worst  hot  house  pests.  How  did  this  species  spread  so  suddenly  over  so 
large  a  territory?  Frof.  Lintner  had  first  found  the  Insect  In  1876.  Mr. 
Dimmock  finds  it  very  troublesome  in  hot  houses,  particularly  on  roses. 
Mr.  Hulst  noted  the  appearance  in  large  numbers  of  a  downy  insect  on 
maple.  Mr.  Lintner  said  It  was  Coccus  (Pulvinariainnumerabilis),  Frof. 
Osborn  had  noticed  the  same  insect,  and  gave  its  life  history.  No  less 
than  seven  species  of  insects  are  known  to  prey  on  it.    Mr.  Saunders  has 
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noticed  it,  and  the  larva  of  ChUocorua  hivulnerua  also  had  been  so  common 
as  to  attract  attention  and  cause  alarm.  Mr.  Underwood  reported  that  the 
species  is  said  occasionally  to  attack  the  elm. 

Dr.  Horn  gave  an  accoant  of  secondary  sexaal  characters  of  coleoptera 
comparative  with  Mr.  Smith's  account  of  Lepidoptera.  In  Collops  the 
antennal  modification  is  very  like  that  of  Henia,  and  the  use  of  it  has  been 
observed :  the  $  antenna  is  grasped  In  the  bend  of  that  of  the  $  ;  the 
articulated  appendage  is  thrown  forward,  and  the  antenna  beyond  the 
bent  Joint  is  thrown  backward,  so  that  during  copulation  the  $  is  firmly 
held.  In  Meloe  is  a  structure  very  similar  to  that  of  Herminia  and  answer- 
ing a  similar  purpose.  The  palpi  in  Sphalera  {Tomoxid)  sometimes  have 
an  articulated  appendage  near  the  tip,  probably  also  serving  as  a  grasping 
organ.  These  organs  are  explainable.  Other  modifications  are  obscure. 
Lebia  for  instance  has  a  notch  at  the  inner  side  of  the  middle  tibia  near 
tip ;  a  species  of  Aphodius  has  a  very  curious  hook  to  the  first  Joint  of  hind 
tarsi ;  another  has  a  peculiar  clavate  appendage  to  the  inner  side  of  fore 
tibia  near  tip. 

Mr.  Cresson  said,  that  except  in  the  parasitic  forms  which  he  has  not 
studied,  the  Hymenoptera  show  no  such  peculiarities. 

Mr.  Osborn  said  that  in  MallopJiagidoBt  and  especially  in  Lipeurus,  a 
modification  of  the  antenna  similar  to  that  of  the  Tomoxia  palpi  was 
found,  and  also  undoubtedly  served  as  a  clasping  organ. 

A  committee  of  three  was  appointed  to  arrange  a  programme  and  ob- 
tain papers  for  the  next  meeting  of  the  club,  which  then  adjourned.  Com- 
mittee :  J.  B.  Smith  of  Brooklyn,  Chairman,  and  B.  Pickman  Mann  of 
Washington,  and  Herbert  Osborn  of  Ames,  Iowa. 

John  B.  Smith,  Secretary. 
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Representative  U.  S.  Signal  Office, Cleveland  Abbe. 


In  response  to  the  invitations  of  the  Local  Committee,  letters  of  acknowledgment 
and  regret  wera  announced  as  i*ecei?ed>  fl*om  the  following  societies. 

Physico-Medical  Society  of  Erlanoen. 
Bombay  Branch  of  the  Royal  Asiatic  Society. 

ECOLE  nationals  DES  MINES. 

minbralooigal  society  of  great  britain. 

Geological  Society  of  Belgium. 

R.  istituto  Veneto  di  Scienze,  Letters  ed  Arti. 

Royal  Asiatic  Society. 

Belgian  Microscopical  Society. 

German  Anthropological  Society. 

ACADEMIE  DES  SCIENCES,  BBLLE»-LETTRBS  BT  ARTS  DS  ROUSH. 

Royal  Bavarian  academy  of  Sciences. 
Botanical  Society  of  France. 

>  Just  after  the  adjournment  of  the  meeting,  a  letter  was  received  Arom  Sig.  Flo* 
BSNCIO  L.  Doinqubz,  Secretary  of  Legation  of  the  Argentine  Republic,  in  Washington, 
stating  he  had  been  appointed  to  repi*esent  the  Argentine  Scientific  Society  of  Buenos 
Ayres,  but  that  his  appointment  was  not  received  until  the  day  after  the  adjournment 
of  the  association. 
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REPORT  OF  THE  GENERAL  SECRETARY. 


The  thirty-third   Annual  Meeting  of  the  American  Association 

FOR  THE  Advancement  of  Science. 

In  accordance  with  the  action  taken  at  the  Minneapolis  meeting  in 
1883,  the  American  Association  for  the  Advancement  of  Science 
met  in  General  Session  in  the  Academy  of  Music,  in  Philadelphia,  at 
lO.dO  A.  M.,  on  Thursday,  Sept.  4,  1884;  the  retiring  President,  Prof.  C.  A. 
TouNQ,  of  Princeton,  in  the  chair. 

After  a  prayer  by  the  Rev.  Dr.  McCook,  President  Young  said :  It  is 
now  my  pleasure  to  surrender  the  post  I  have  had  the  honor  to  fill  for  a 
year  to  the  new  President,  Prof.  J.  P.  Lesley,  of  Philadelphia,  to  whom 
I  extend  a  respectfdl  greeting. 

On  taking  the  chair  President  Lesley  paid  a  compliment  to  the  retiring 
officer  and  said :  The  large  number  of  friends  of  science  here  assembled 
and  the  distinguished  allies  from  foreign  lands  assure  the  unequivocal 
success  of  this  meeting.  Additional  interest  is  vested  in  this  annual 
session  by  reason  of  the  coincident  occurrence,  (luring  your  stay  here,  of 
a  great  exhibition  illustrative  of  an  important  branch  of  science.  It  is 
also  doubly  memorable,  being  held,  as  it  is,  in  Philadelphia,  the  birth- 
place of  American  independence,  the  centre  of  civilization,  literature  and 
science  — a  city  distinguished  as  the  home  of  civil  and  religious  liberty 
and  a  spot  always  famous  for  its  intelligence  and  hospitality. 

President  Lesley  then  introduced  His  Excellency  Governor  Pattison, 
who  extended  a  welcome  to  the  visitors  on  behalf  of  the  state  of  Pennsyl- 
vania in  the  following  words : — 

Mr.  President,  Ladles  and  Gentlemen : —  Custom  and  propriety  have  led 
me  here  to-day  to  fill  a  pleasant  part  in  the  proceedings  of  your  great  as- 
sembly, to  extend  to  you  a  sincere  welcome  in  the  name  of  the  Common- 
wealth of  Pennsylvania.  I  wish  that  your  stay  here  may  be  pleasant,  and 
your  deliberations  productive  of  good.  As  I  look  around  upon  this  gath- 
ering of  men  devoted  to  the  study  of  science  and  reflect  from  how  many 
different  parts  of  the  country  they  have  come,  and  that  some  have  crossed 
the  wide  ocean,  I  am  at  once  impressed  that  this  is  no  ordinary  assembly. 
Tacitus  declares  that  in  his  day,  men  were  hemmed  in  by  mountains  and 
fear.  But  since  the  advent  of  the  spirit  of  science  that  condition  has 
happily  disappeared.  '*  Old  things  have  passed  away ;  all  things  have  be- 
come new."  All  parts  of  the  world  are  now  brought  into  a  very  close 
and  reciprocal  intimacy.  The  international  feature  of  your  congress, 
therefore,  may  not  be  so  remarkable,  but  it  is  certainly  exceedingly  grate- 
ful to  our  feelings  and  should  be  Inspiring  to  our  hopes  for  the  future. 

(687) 
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Not  alone  to  yoa  who  are  dwellers  on  American  soil,  bnt  to  yon,  gentle- 
men, who  come  hither  with  fraternal  greetings  to  yonr  brethren,  I  beg 
leave  to  extend  an  assurance  of  cordial  welcome  and  right  hearty  good 
win. 

I  think  I  place  a  proper  valae  on  this  public  occasion  when  I  say  that 
we  Fennsylvanlans  feel  a  very  deep  Interest  In  the  objects  of  your  meet- 
ing, for  in  no  other  state  of  the  Union  does  there  exist  a  closer  relation 
between  the  livelihood  of  the  people  and  practical  science.  Indeed,  you 
could  not  have  selected,  in  my  humble  Judgment,  a  more  fitting  place  for 
your  congress  to  meet. 

One  hundred  and  nineteen  years  ago,  Robert  Fulton  was  born  In  Lan- 
caster county,  in  this  State.  He  begau  life  as  a  portrait  painter,  without 
friends  or  fortune ;  but,  by  his  successful  labors  In  perfecting  steam  navi- 
gation, he  has  made  himself  one  of  the  greatest  benefiictors  of  mankind. 
Through  his  labors  the  very  geography  of  the  civilized  world  has  been 
changed.  The  seas  have  been  bridged.  Time  and  space  have  been  par- 
tially annihilated.  New  highways  have  been  opened.  The  wilderness 
has  been  redeemed.  Distant  states  have  been  neighbored.  Deserted  vil- 
lages have  been  changed  into  flourishing  cities,  and  skilled  labor  has  been 
elevated. 

The  Imagination  is  baffled  by  the  present  triumphs  of  steam,  and  vainly 
attempts  to  anticipate  those  of  the  future. 

Here,  too,  lived  that  wonderful  man,  Benjamin  Franklin,  whose  honored 
dust  quietly  reposes  in  its  sepulchre  not  far  from  the  place  where  yon 
are  assembled.  It  is  true  that  a  hundred  years  before  his  day  the  electric 
fluid  was  known  to  science,  but  it  was  left  to  him  to  Institute  an  experi- 
ment by  which  It  was  demonstrated  that  lightning  Is  an  electrical  appear- 
ance. 

If  we  could  boast  of  no  other  record  than  this  in  connection  with  science, 
it  would  be  sufficient,  I  am  sure,  to  commend  us  to  the  respect  of  the  sci- 
entific world. 

But  Pennsylvania  has  reason  to  boast  of  other  great  souls,  whose  toils, 
if  less  known,  are  none  the  less  valuable.  In  all  the  practical  avenues  of 
multifarious  Industry,  their  footprints  are  distinctly  seen.  To  them  we 
are  Indebted  for  much  of  the  success  attending  the  development  of  our 
marvellous  resources  as  a  state.  Wherever  a  mine  has  been  opened,  a 
furnace  set  In  operation,  or  a  factory  started  on  its  humming  career,  the 
busy  fingers  of  science  have  found  employment.  The  principles  which 
regulate  the  operations  of  the  mechanical  powers,  and  which  lie  at  the 
foundation  of  complicated  machinery,  which  relate  to  the  smelting  and 
refining  of  metals,  the  composition  and  improvement  of  soils,  the  reduc- 
tion and  uniform  whiteness  of  vegetable  fibre,  the  mixture  and  application 
of  colors,  the  motion  and  pressure  of  fiulds,  the  property  of  light  and 
heat,  the  navigation  of  rivers  and  seas,  and  the  laws  of  magnetism,  elec- 
tricity and  galvanism,  may  all  be  seen  Illustrated  among  the  thousands 
of  Industrial  establishments  which  punctuate  this  great  state  from  side  to 
side. 
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There  is  now  in  course  of  erection  in  the  splendid  bay  of  New  York,  a 
gigantic  pedestal,  on  which  is  to  stand  Bartholdi's  famous  statue  of 
**  Liberty  enlightening  the  World." 

It  has  seemed  to  me  that  that  already  renowned  work  of  art  symbolizes 
the  aim  of  your  congress.  For  if  I  rightly  apprehend  it,  it  is  to  disenthral 
where  there  is  bondage.  It  falls  to  the  high  lot  of  science  to  eradicate 
many  errors,  and  to  pursue  to  their  principle  many  accidental  improve- 
ments in  the  processes  of  industry.  The  useful,  like  the  ornamental  arts 
of  life,  are  to  be  carried  to  the  point  of  perfection. 

This  is  the  mission  of  science  in  every  department  of  thought,  genius, 
and  industry,  and  your  utterances  here  in  the  discussion  of  various  ques> 
tions  that  lie  directly  within  tills  circle  may  go  far  towards  cnlighteuiug 
mankind  on  points  around  which  there  is  much  darkness  to-day. 

Pardon  me,  gentlemen,  if  I  venture  a  word  just  here  as  to  the  value  of 
a  thought.  It  has  been  said  that  the  great  men  of  the  earth  are  shadowy 
men,  who,  having  lived  and  died,  now  live  again  and  forever  through 
their  undying  thoughts.  Thus  living,  though  their  footprints  are  heard 
no  more,  their  voices  are  more  than  the  sound  of  many  ages,  and  unceas- 
ing as  the  tides  of  air.  Thus  it  is,  that  they  live  to-day,  who  long  ago 
startled  the  world  of  science  with  some  mighty  thought  in  which  lay  con- 
cealed incalculable  good  to  mankind.  Only  a  thought— yet  a  thought 
that  has  led  to  wonderful  results. 

The  falling  of  an  apple  —  a  very  commonplace  incident  —  gave  rise  to 
the  one  germinal  thought  that  led  Sir  Isaac  Newton  to  work  out  his  system 
of  the  universe.  Columbus  conceived  the  mere  idea  of  a  western  conti- 
nent, but  his  wildest  vision  of  the  consequences  of  such  a  discovery  could 
not  have  embraced  in  the  remotest  degree  the  great  changes  in  the  politi- 
cal, commercial,  and  social  condition  of  man  which  it  has  really  brought 
about.  Only  a  thought  led  to  the  invention  of  printing,  to  the  application 
of  steam  to  practical  uses,  to  the  adaptation  of  electricity  to  Illuminating 
purposes,  and  to  a  thousand  other  discoveries  which  are  blessing  the 
world  to-day.  Brilliant  as  are  the  achievements  of  science,  they  are  des- 
tined to  be  outstripped  in  the  future  through  the  new-born  thought  that 
may,  to-day,  drop  into  the  soil  of  human  aflfairs,  and,  like  good  seed, 
spring  forth  in  beauty  and  strength.  Thought  and  science  go  hand  In 
hand.  The  properties  of  matter  are  not  all  discovered,  nor  Its  laws  all 
found  out,  nor  the  uses  to  which  they  may  be  applied  all  detected.  There 
are  treasuries  of  truths  In  reserve  to  reward  the  patience  and  labors  of 
the  faithful  scientist. 

On  the  great  northeast  coast  of  the  Pacific  ocean  is  a  vast  chasm  formed 
by  the  torrent  of  the  Columbia  rushing  between  Mt.  Hood  and  Mt.  St. 
Helen's.  It  breaks  through  the  ridges  of  the  Cascade  mountains  to  find 
the  sea.  The  visitor  stands  In  amazement  as  he  hears  his  slightest  tone 
repeated  and  re-echoed  with  a  larger  utterance  In  reverberations,  that 
lose  themselves  at  last  amid  the  surrounding  hills.  So,  gentlemen,  stand- 
ing here  in  this  congress,  and  speaking  in  the  name  of  science,  your 
words  will  be  caught  up  and  borne  away  in  reverberations  that  may  roll 
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aroand  the  globe  itself.  May  it  be  that  in  the  dissemination  of  the  earn- 
est thought  of  yoar  great  body  the  welfare  and  happiness  of  mankind  shall 
be  the  fruitage. 

Mr.  President  and  gentlemen,  again  I  extend  to  yoa,  one  and  all»  a  sin- 
cere and  cordial  welcome. 

His  Honor  William  B.  Smith,  Mayor  of  Philadelphia,  was  next  intro- 
duced by  the  President,  and  in  a  brief  speech  said  that  after  the  hearty 
words  of  welcome  which  had  been  extended  by  the  Governor  of  the  Com- 
monwealth, it  remained  for  him  simply  to  add  that  the  municipality  of 
Piiiladelphia,  a  city  within  whose  limits  there  were  as  many  happy  homes 
as  any  city  on  the  civilized  globe,  and  abounding  with  iusUtutlons  of  edu- 
cation, of  philanthropy  and  of  religion ;  there  is  a  chord  of  sympathy  and 
greeting  which  needs  no  expression  at  my  hands. 

Whatever  can  be  done  to  make  your  sojourn  pleasant,  or  to  add  to 
your  comfort  and  convenience  will  find  a  ready  response  in  the  hearts 
of  our  citizens.  I  sincerely  hope  that  your  labors  and  considerations  may 
be  abundantly  successful,  and  that  upon  your  departure  from  the  city  you 
may  be  able  to  say,  that  here  were  found  a  people  loyal  to  their  country, 
creditable  to  the  spirit  of  humanity  and  enjoying  the  blessings  of  Provi- 
dence whose  goodness  reigned  over  tliem. 

To  the  above  addresses  of  welcome  President  Lesley  responded  as 
follows : 

This  welcome  is  like  that  of  a  parent  to  a  returning  son.  This  Asso- 
ciation was  virtually  born  in  Philadelphia.  About  the  year  1832  was  or- 
ganized the  Society  of  Geologists  of  Pennsylvania.  It  held  meetings 
iu  this  city  regularly,  and  the  result  Was  that  in  1840,  eighteen  of  the 
principal  geologists  of  the  eastern  part  of  the  United  States  met  on  April 
2,  iu  the  Franklin  Institute,  and  organized  the  Association  of  American 
Geologists  and  Naturalists. 

In  1841  they  held  their  second  annual  meeting,  and  the  next  year  their 
third,  iu  Boston.  In  1847,  so  many  astronomers,  mathematicians  and 
other  men  of  science  had  entered  the  charmed  circle  of  this  Association 
that  it  was  necessary  to  change  its  name  to  slgnity  the  enlargement  of 
its  scope.  In  the  year  1848  the  first  meeting  of  the  American  Association 
for  the  Advancement  of  Science  was  held  in  Philadelphia,  and  since  then 
the  Association  has  held  Its  yearly  sessions  in  all  the  principal  cities 
of  the  Union.    It  now  comes  back  to  its  home—  Philadelphia. 

President  Lfjsley  announced  that  by  direction  of  the  Standing  Com- 
mittee he  had  sent  a  congratulatory  dispatch  by  cable  to  the  French  So- 
ciety for  the  Advancement  of  Science,  that  had  opened  a  congress  in 
Blois  yesterday  about  an  hour  before  the  beginning  of  the  convention 
here.  He  added,  with  a  smile,  that  the  Gallic  Society  had  been  a  little 
more  quickly  courteous  than  the  American  and  had  cabled  a  greeting  that 
arrived  before  the  message  of  his  own  Association  had  been  put  on  the 
wires.    The  French  society's  dispatch  being  translated  read : 

*' The  French  Association  for  the  Advancement  of  Science,  collected 
in  congress,  addresses  to  her  American  sister  wishes  for  prosperity  and 
compliments  friendly  and  confr&tcrnal." 
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An  Invitation  was  read  from  the  President  of  the  Electrical  Exhibition, 
inviting  the  Association  to  visit  the  exhibition  In  a  body.  It  was  announced 
that  the  Standing  Committee  had  accepted  the  Invitation  for  September 
10.  A  similar  invitation  was  accepted  from  the  United  States  Coast  and 
Geodetic  Survey,  though  no  day  was  set  for  a  visit. 

A  touching  letter  was  read  from  Dr.  Isaac  Lea,  who  is  ninety-three  years 
old,  and  a  past  President  of  the  Association.  He  regretted  that  physical 
infirmities  made  It  impossible  for  him  to  attend  the  meeting,  but  earnestly 
Invited  all  the  members  to  a  reception  at  his  summer  residence  at  Long 
Branch  on  Saturday  next.    The  Invitation  was  accepted. 

A  cordial  invitation  was  extended  to  the  public  to  be  present  at  all  the 
meetings  of  the  Association. 

The  Pkkmanent  Skcrktary  then  read  the  following  letter  from  Mrs. 

Elizabeth  Thompson: 

Stamford,  Conn.,  July  21,  1884. 

To  P.  W.  Putnam, 

Permanent  Secretary  A.  A,  A.  8. 

Dear  Sir: 

In  furtherance  of  my  desire  to  do  something  to  encourage  pure 

science,  about  which  we  have  conferred,  I  herewith  enclose  my  check  for 

one  thousand  dollars,  payable  to  you  as  Permanent  Secretary  of  the 

American  Association  for  the  Advancement  of  Science,  to  be  expended 

by  the  Association,  under  the  direction  of  its  Standing  Committee,  for 

making  experimental  research  upon  light  and  heat ;  the  results  of  these 

experimental  researches  to  be  reported  to  the  Standing  Committee  of  the 

Association. 

Mrs.  EuzABETH  Thompson. 

The  Permanent  Secretary  stated  that  this  was  the  second  time  Mrs. 
Thompson  had  advanced  the  objects  of  the  Association  by  her  liberality. 

On  the  recommendation  of  the  Standing  Commuter  a  vote  of  thanks 
was  given  to  Mrs.  Thompson  to)c  her  liberal  gift. 

The  General  Secretary  then  read  a  list  of  814  persons  recommended 
for  membership  in  the  Association  and  they  were  duly  elected. 

The  Permanent  Secretary  read  the  financial  report  of  the  Association. 
This  Is  printed  in  full  on  another  page. 

The  Permanent  Secretary  also  read  the  following  list  of  members, 
notices  of  whose  death  had  been  received  during  the  past  year. 

L.  N.  Dimmick,  Santa  Barbara,  Cai.  Joined  at  the  29th  meeting.  Died 
May  31,  1884. 

Mrs.  Kate  N.  Doggetis  Chicago,  111.  Joined  at  the  17th  meeting.  Died 
March  12,  1884. 

Alfred  L.  Elwyn,  Philadelphia,  Pa.  Joined  at  the  1st  meeting.  Died 
March  15,  1884. 

Dr.  George  Englemann,  St.  Louis,  Mo.  Joined  at  the  1st  meeting. 
Born  Feb.  2,  1809.    Died  Feb.  4,  1884. 

^  Prof.  Arnold  Guyot,  Princeton,  N.  J.    Joined  at  the   1st  meeting. 
Bom  Sept.  5,  1809.     Died  Feb.  8,  1884. 
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George  £.  Hayes,  Buffalo,  N.  7.    Joined  at  the  15th  meeting. 

Walter  N.  Hill,  Chester,  Fa.  Joined  at  the  29th  meeting.  Born  April 
15,  1846.     Died  March  29,  1884. 

William  S.  Johnson,  Washington,  D.  C.  Joined  at  the  Slst  meeting. 
Bom  Sept.  20,  1859.     Died  Oct  6,  1883. 

Henry  A.  Jones,  Portland,  Me.  Joined  at  the  29th  meeting.  Died 
Sept.  3,  1883. 

Thomas  Kite,  Cincinnati,  Ohio.  Joined  at  the  5th  meeting.  Died  Feb. 
6,  1884. 

Dr.  John  L.  LeConte,  Philadelphia,  Pa.  Joined  at  the  1st  meeting. 
Died  Nov.  15, 1883. 

Rev.  B.  N.  Martin,  New  York,  N.  Y.  Joined  at  the  23rd  meeting.  Died 
Dec.  26,  1883. 

Thomas  McFaddbn,  Westerville,  Ohio.  Joined  at  the  SOlh  meeting. 
Born  Nov.  9,  1825.     Died  Nov.  9,  1883. 

Harry  £.  Packer,  Manch  Chunk,  Pa.  Joined  at  the  30th  meeting.  Died 
Feb.  1,  1884. 

B.  0.  Peirce,  Beverly,  Mass.  Joined  at  the  18th  meeting.  Died  Nov. 
12,  1883.     Aged  71  years. 

Mrs.  Almira  Hart  Lincoln  Phelps,  Baltimore,  Md.  Joined  at  the 
13th  meeting.    Died  July  15,  1884,  in  her  91st  year. 

Stephen  H.  Potter,  Hamilton,  Ohio.  Joined  at  the  30th  meeting.  Born 
Nov.  10,  1812.    Died  Dec.  9,  1883. 

Sidney  Pulsifer,  Philadelphia,  Pa.  Joined  at  the  21st  meeting.  Died 
March  24,  1884. 

Benjamin  D.  Sanders,  Wellsburg,  W.  Va.  Joined  at  the  19th  meet- 
ing. 

Ezra  C.  Seaman.    Joined  at  the  20th  meeting. 

Dr.  J.  Lawrence  Smith,  Louisville,  Ky.  Joined  at  the  1st  meeting. 
Boni  Dec.  16,  1818.    Died  Oct.  12,  1883. 

JosiAH  A.  Stearns,  Boston,  Mass.    Joined  at  the  29th  meeting. 

Arthur  F.  Taylor,  Cleveland,  Ohio.  Joined  at  the  29th  meeting.  Died 
July  3,  1883. 

This  list  contains  the  names  of  four  original  members  of  the  Associa- 
tion, two  of  whom  were  past  presidents,  also  the  name  of  a  former  treas- 
urer. 

After  formal  announcements  by  the  Permanent  Secretary  and  Officers 
of  the  Local  Committee  the  General  Session  adjourned. 

On  the  adjournment  of  the  General  Session  the  Sections  met  in  their  re- 
spective section  rooms  to  complete  their  organizations  with  the  following 
results. 

SECTION  A.  MATHEMATICS  AND  ASTRONOMY. 

Vice  President :  H.  T.  Eddy. 

Secretary:  G.  W.  Hough. 

Member  of  Standing  Committee:  William  Harkness. 

Sectional  Committee :  Ormond  Stone,  J.  R.  Eastman,  S.  J.  Coffin. 
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Nominating  Committee :  C.  G.  Rockwood. 

Sub-committee  on  Nomination :  W.  A.  Rogers,  Lewis  Swift,  H.  M. 
Paul. 

SECTION  B.     PHYSICS. 

Vice  President :    John  Trowbridge. 

Secretary :    N.  D.  C.  Hodges. 

Member  of  Standing  Committee :    T.  C.  Mrndenhall. 

Sectional  Committee :  H.  S.  Cauhart,  A.  A.  Michblson,  E.  H.  H.iLL. 

Nominating  Committee :  C.  S.  Hastings. 

Sub-committee  on  Nomination :  T.  F.  Jewell,  C.  K.  Wead,  C.  Thomas. 

SECTION  C.     CHEMISTRY. 

Vice  President :    John  W.  Lang  ley. 

Secretary:    Hknry  Carmichael. 

Member  of  Standing  Committee :    W,  R.  Nichols. 

Sectional  Committee:  W.  O.  Atwater,  Geo.  C.  Caldwell,  F.  W. 
Clarke. 

Nominating  Committee :    S.  A.  Lattimore. 

Sub-committee  on  Nomination :  E.  W.  Morley,  W.  McMurtrie,  C.  Leo 
Mees. 

SECTION  D.  MECHANICAL  SCIENCE. 

Vice  President :    R.  H.  Thurston. 
Secretary :    J.  Burkitt  Webb. 
Standing  Committee:    DrVolson  Wood. 
Sectional  Committee:  G.  Lanza,  W.  A.  Rogers,  M.  B.  Snyder. 
Nominating  Committee :    C.  J.  H.  Woodbury. 

Sub-committee  on  Nomination:  J.  C.  Hoadlby,  W.  P.  Trowbridge, 
T.  R.  Pickering. 

SECTION  E.  GEOLOGY  AND  GEOGRAPHY. 

Vice  President:    N.  H.  Winchell. 
Secretary :    Eugene  A.  Smith. 
Member  of  Standing  Committee :    Geo.  H.  Cook. 
Sectional  Committee:    Edward  Orton,  E.  T.  Cox,  E.  T.  Nelson. 
Nominating  Committee :    H.  S.  Williams. 

Sub-committee  on  Nomination :  D.  S.  Martin,  A.  H.  Worthen,  J.  C. 
Smock. 

SECTION  F.     BIOLOGY. 

Vice  President :    E.  D.  Cope. 

Secretary :    C.  E.  Bessey. 

Member  of  Standing  Committee :    George  Macloskie. 

Sectional  Committee :  Henry  F.  Osborne,  J.  W.  Chickering,  Burt  G. 
Wilder. 

Nominating  Committee:    J.  G.  Morris. 

Sub-committee  on  Nomination:  Wm.  Saunders,  B.  Sharp,  Herbert 
Osborn. 
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SECTION  G.  HISTOLOGY  AND  MICROSCOPY. 

Vice  President:  T.  G.  Wormlky. 

Secretary:  Romyn  Hitchcock. 

Member  of  Standing  Committee :  W.  H.  Walmslky. 

Sectional  Committee:  A.  H.  Hkrvey,  R.  H.  Ward,  W.  H.  Walmslky. 

Nominating  Committee :  Wm.  Libuey,  jr. 

Sub-committee  on  Nomination :  A.  P.  Brown,  J.  D.  Hyatt,  C.  S.  Shultz. 

SECTION  H.    ANTHROPOLOGY. 

Vice  President:  E.  S.  Morse. 
Secretary:  G.  H.  Peukixs. 
Member, of  Standing  Committee:  P.  R.  Hoy. 
Sectional  Committee:  T.  F.  Mosbs,  W.  H.  Dall,  S.  D.  Pkef. 
Nominating  Committee:  W.  H.  Dall. 

Sub-committee  on  Nomination :  Mrs.  E.  A.  Smith,  John  Cone  Kimball, 
J.  W.  Powell. 

SECTION  I.    ECONOMIC  SCIENCE  AND  STATISTICS. 

Vice  Pf'esident:  John  Eaton. 

Secretary:  C.  W.  S.milky. 

Member  of  Standing  Committee :  E.  B.  ElliOtt. 

Sectional  Committee :  Edward  Atkinson,  Frankun  B.  Hough,  E.  B. 
Elliott. 

Nominating  Committee:  J.  W.  Chickkring,  jr. 

Sub-committee  on  Nomination:  P.  H.  Dudley,  John  S.  IIicks,  Thomas 
Hampson. 

Thursday  Afternoon. 

Addresses  of  the  Vice  Presidents  were  given  as  follows : — 
Vice  President  Eddy  before  Section  A  at  2.30  p.  m. 


(« 
it 


Langley 

t( 

tt 

c  * 

*    2.30  " 

Winch  ELL 

It 

tc 

E   » 

*    2.30  " 

Worm  LEY 

C( 

ct 

G    * 

*   2.30  " 

Morse 

(( 

t( 

H    * 

*    2  30  " 

Trowbridge 

tl 

t 

tt 

B    » 

1    4        tt 

Thurston 

«( 

tt 

D    ' 

.    4 

Cope 

tl 

ft 

F    ♦ 

1    4 

Eaton 

it 

It 

I    * 

1    4 

II 
tl 

tt 
tt 
tl 
II 
1 1 
ft 


Thursday  Evening. 

A  lecture  by  Professor  J.  S.  Newberry,  of  New  York,  was  given  at  the 
Academy  of  Music,  at  8  o'clock.  The  subject  was,  The  Geological  Evo- 
lution of  the  North  American  Continent,  which  was  Illustrated  by  lantern 
pictures. 

Friday,  September  6. 

The  Association  met  In  General  Session  at  10.30  a.  m..  President 
Lesley  In  the  chair. 
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The  following  notices  by  the  Local  Committke  were  read : —  Members 
of  the  Association  and  representatives  of  foreign  societies  are  requested 
to  register  their  names  at  the  office  of  the  Permanent  and  Local  Secreta- 
ries, on  the  first  floor  of  Horticultural  Hall,  on  Broad  Street  above  Spruce, 
adjoining  the  Academy  of  Music,  as  soon  as  possible.  Registry  blanks 
are  provided  for  this  purpose.  Members  will  register  each  member  of 
their  family  (under  the  new  rule)  on  separate  blanks.  A  badge  will  be 
furnished  each  person  so  registered,  upon  which  will  be  stamped  the 
number  attached  to  the  name  in  the  daily  printed  lists  of  arrivals.  These 
badges  are  to  be  worn  during  the  meeting,  in  order  to  facilitate  the  ar- 
rangements of  the  Local  Committee.  Each  person  provided  with  a  badge 
will  be  furnished  with  a  guide  book,  a  map,  and  such  circulars,  notices 
and  cards  as  provided  for. 

The  members  of  the  British  Association  and  the  representatives  of 
other  foreign  societies  will  be  designated  by  a  supplementary  purple 
ribbon. 

Members  of  the  Local  Committee  will  be  in  attendance,  and  will  be 
designated  by  a  white  ribbon  on  the  Association  badge.  Members  of  the 
Sub-committees  on  Receptions  and  Invitations,  Hotels,  Luncheon  and 
Lodings,  and  Transportation,  will  give  such  Information  on  the  subjects 
of  which  they  have  charge  as  may  be  desired. 

The  representatives  of  the  press  will  be  provided  with  a  yellow  badge. 

In  order  to  secure  accuracy  authors  are  requested  to  furnish  reporters 
with  abstracts  of  their  papers. 

Through  the  liberality  of  the  Western  Union  Telegraph  Company,  social 
telegrams  for  members  of  the  American  and  British  Associations  will  be 
sent  during  the  meeting  from  Philadelphia  to  all  parts  of  the  United 
States  and  Canada  free  of  charge;  and  by  an  arrangement  among  the  At- 
lantic cable  companies,  social  messages  will  be  transmitted  to  Europe  for 
the  members  of  the  Biitish  Association  without  charge,  on  presentation 
of  certificate. 

The  ladies  of  tlie  Century  Club,  No.  1112  Girard  Street,  have  ofifered  the 
use  of  their  hcmse  for  the  accommodation  of  ladles  attending  the  meetings. 
It  will  be  found  a  desirable  place  for  rest  for  those  who  are  fatigued  dur- 
ing the  day  and  who  desire  Intellectual  companionship. 

The  University  Club  has  extended  a  formal  invitation  by  card,  to  each 
member  of  the  Americin  and  British  Associations  for  the  Advancement 
of  Science,  the  Royal  Society  of  Canada,  and  the  Delegates  of  Scientific 
Societies  duly  accredited  to  this  meeting. 

The  Union  League  have  also  offered  the  privileges  of  the  club  house  to 
the  gentlemen  above  mentioned. 

The  Philadelphia  Library,  Northwest  corner  of  Locust  and  Juniper 
streets,  together  with  the  Ridgway  branch  of  the  same,  a  superb  building 
occupying  the  square  between  Broad,  Thirteenth,  Carpenter  and  Christian 
streets,  has  been  kindly  placed  at  the  disposal  of  members  and  visitors 
during  the  session. 

A  Committee  of  ladies  will  be  in  attendance  at  the  Academy  of  Natural 
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Sciences,  N.  W.  cor.  19th  and  Race  Sts.,  Friday  afternoon  from  8  to  6 
p.  M.,  for  the  reception  of  ladies  who  desire  to  inspect  the  masenm  and 
library.  As  the  collections  in  some  departments  are  unrivalled  in  point 
of  completeness,  the  opportunity  should  be  taken  to  visit  the  institution 
at  this  time.  The  museum  and  library,  however,  will  be  open  to  all  at- 
tending the  meeting,  every  day  from  9  a.  m.  to  5  p.  m.  during  the  session. 

The  Woman's  Medical  College,  Twenty-first  street  and  North  College 
avenue,  tenders  to  the  American  and  British  associations  and  representa- 
tives of  foreign  societies,  with  their  families,  a  reception  on  the  afternoon 
of  Monday,  September  8th,  from  4  to  7  o'clock. 

The  Directors  of  the  Zoological  Garden  will  Airnish,  to  all  provided  with 
the  Association  badge,  curds  of  free  admission  to  the  grounds  in  Fainnount 
Park,  which  can  be  used  at  any  time  during  the  session.  A  special  invi- 
tation is  extended  to  visit  the  Garden  on  the  afternoon  of  Monday,  Sep- 
tember 8th,  from  four  to  six  o'clock,  when  Mr.  Eadward  Muybridge  will 
demonstrate  his  method  of  taking  instantaneous  photographs  of  animals 
while  in  motion. 

All  botanists,  members  of  the  Association,  are  requested  to  call  and 
register  at  the  Academy  of  Natural  Sciences,  Nineteenth  and  Race  streets, 
as  soon  as  practicable.  This  will  constitute  them  members  of  the  Botan- 
ical Club  of  the  Association  (Instituted  at  the  Minneapolis  meeting),  and 
entitle  tliem  to  the  privileges  of  the  same.  They  will  find  a  Reception 
Committee  in  attendance  at  the  Academy  of  Natural  Sciences,  on  Thurs- 
day and  Friday,  September  4th  and  5th,  to  promote  acquaintance  and  to 
furnish  information  upon  botanical  matters.  The  Botanical  Section  of 
the  Academy  will  meet  at  their  hall  on  Monday  evening,  September  8. 

Those  who  have  not  been  furnished  with  tickets  for  the  International 
Electrical  Exhibition  will  be  supplied  upon  application  at  the  Local  Secre- 
taries' desk.    . 

An  invitation  is  extended  to  visit  the  rooms  of  the  Women's  Silk  Cul- 
tural Association,  No  1328  Chestnut  St. 

Dr.  Isaac  Lea,  Past  President  of  the  Association,  invites  biologists  in- 
terested in  conchology  to  visit  his  collection  at  1G22  Locust  street. 

On  Saturday,  September  6th,  excursions  will  be  offered  to  members  of 
the  Associations  and  foreign  delegates,  their  families,  and  invited  guests, 
to  the  anthracite  regions  and  to  the  seaside.  The  Committee  on  Trans- 
portation and  Excursions  has  furnished  the  following  details : — 

By  tub  Pennsylvania  Railroad  Company. 
Three  seashore  excursions  will  be  given,  as  follows : — 

To  Long  Branch. 
Leaving  Broad   Street  Station  at  8  a.  m.,  arriving  at  Long  Branch  at 

10.50  a.  m. 

Reception  by  Past  President,  Isaac  Lka,  LL.D.,  from  3  to  5  o'clock. 

Returning,  leave  Long  Branch  at  6.10  r.  m.,  and  arriving  at  Broad  Street 
Station  at  8.10  p.m. 

Dinner  furnished  by  the  Philadelphia  Local  Committee  at  West  End 
Hotel. 
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To  Atlantic  City. 
Leaving  Vine  Street  Wharf  at  9  a.  m.,  arriving  at  AUantIc  City  at  10.30 

A.M. 

Returning:,  leave  Atlantic  City  at  5.40  p.  m.,  arriving  at  Vine  Street 
wharf  at  7.20  p.  m. 

Dinner  furnished  by  the  Philadelphia  Local  Committee  at  a  hotel  to  be 
announced. 

Fou  Cape  May. 

Leaving  Market  Street  wharf  at  9  a.  M.,  arriving  at  Cape  May  at  11.26 
a  m. 

Returning,  leave  Cape  May  at  4.40  p.  M.,  arriving  at  Market  Street 
wharf  at  7.20  p.  m. 

Dinner  furnished  by  the  Philadelphia  Local  Committee  at  Congress 
Hall. 

Each  of  the  three  seashore  excursions  of  the  Pennsylvania  Railroad 
Company  will  be  in  charge  of  members  of  the  Local  Committee,  assisted 
by  an  excursion  agent  of  the  company. 

By  THE  Philadklphia  &  Reading  Railroad  Company. 

To  TiiK  ANTHKACiTK  COAL  REGIONS  (In  conjuuction  wlth  an  excursion 
to  the  American  Institute  of  Mining  Engineers)  ;  leaving  Broad  and  Cal- 
lowhill  streets  at  8  o'clock,  a.  m.,  and  returning  the  same  day. 

This  excursion  will  be  directed  by  Mr.  Charles  A.  Ashburner,  who  is 
in  charge  of  the  Pennsylvania  Geological  Survey  of  the  anthracite  coal 
fields. 

A  lunch  will  be  furnished  by  citizens  of  the  coal  regions,  and  supper 
on  the  return,  by  the  Philadelphia  Local  Committee. 

Tickets  for  this  trip  will  be  good  on  any  regular  train  for  a  continuous 
passage  over  the  Philadelphia  &  Reading  Railroad  or  the  Jj^ehigh  Valley 
Railroad,  on  Sunday,  September  7th  and  on  Monday,  September  8th,  to 
Philadelphia,  thus  enabling  members  to  pass  Sunday  at  Mauch  Chunk  or 
Wllkesbarre,  if  they  so  desire. 

A  BOTANICAL  EXCURSION  Will  bc  made  to  the  pine  barrens  of  New  Jer- 
sey, where  will  be  found  a  flora  peculiar  and  full  of  interest.  The  point 
selected  is  Egg  Harbor  Station,  on  the  Camden  and  Atlantic  Railroad. 
Boats  for  the  train  leave  Vine  Street  Ferry  (Delaware  River)  at  9  a.  m. 
A  lunch  win  be  served  by  the  Philadelphia  Local  Committee  on  a  car 
switched  off  for  the  purpose.  Those  who  participate  will  have  the  option 
of  proceeding  in  the  afternoon  to  the  seashore  at  Atlantic  City,  or  of  re- 
turning on  a  regular  train  leaving  Egg  Harbor  at  4.34  p.  m.,  and  arriving 
in  Philadelphia  at  6.20.  Those  desirous  of  joining  in  this  excursion  will 
register  their  names  with  the  Railroad  agent  at  Horticultural  Hall  on  or 
before  Friday  noon,  September  5th. 

A  GEOLOGICAL  EXCURSION  to  poluts  of  Interest  in  the  vicinity  of  the 
city,  will  be  taken  by  the  geological  section  on  an  afternoon  yet  to  be  an- 
nounced. 

On  Monday  evening,  September  8,  there  will  be  a  joint  meeting  and 
social  reunion  of  the  Botanical  Club  of  the  Association  and  the  Botanical 
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Section  of  Philadelphia  Academy  of  Natural  Sciences,  at  the  hall  of  the 
Academy,  corner  of  Race  and  Nineteenth  streets.  All  members  of  the 
American  Association  and  representatives  of  forei&:n  societies  with  their 
families  are  cordially  invited  to  be  present.  Invitations  have  been  ex- 
tended to  the  Torrey  Botanical  Club,  of  New  York,  to  the  Ladies'  Botan- 
cal  Club,  of  Oermantown,  and  to  all  neighboring  botanists.  Those  who 
will  attend  will  confer  a  favor  by*  registering  their  names  at  the  Local 
Committee  Room. 

Reception  by  the  Local  Committee,  Provost,  Trustees  and  Faculties  of 
the  University  of  Pennsylvania  in  the  College  Hall,  Thirty-fourth  and 
Spruce  streets. 

Invitations  have  been  issued  by  the  Woman's  Medical  College  for  a 
reception,  from  4  to  7  p.  m.,  and  the  experiments  of  Mr.  Eadward  Mny- 
bridge,  on  the  Instantaneous  Photographing  of  Animals  In  Motion,  will 
take  place  at  the  Zoological  Gardens,  from  4  to  6  o'clock,  P.  m. 

On  Tuesday  afternoon,  September  9,  the  botanists  of  the  Association 
are  Invited  to  join  the  members  of  the  Botanical  Section  of  the  Academy 
of  Natural  Sciences  In  a  pilgrimage  to  the  old  Bartram  House  and  Botan- 
ical Garden  at  Kingsessing,  four  miles  from  Philadelphia.  Cars  will 
leave  Broad  Street  Station  of  the  Pennsylvania  Railroad,  at  4.25  p.  m., 
stopping  at  Fifty-eighth  Street  Station,  leaving  latter  point  for  return  at 
6.17  p.  M.  Those  desirous  of  Joining  in  this  excursion  will  please  reg- 
ister their  names  at  the  Local  Committee  Room,  before  Monday  uoon, 
eighth  Inst. ' 

In  the  evening  a  reception  and  exhibition  of  microscopes  and  micro- 
scopical objects  will  be  given  by  the  Biological  and  Microscopical  Sec- 
tion of  the  Academy  of  Natural  Sciences,  In  the  hall  of  the  Academy, 
southwest  corner  of  Nineteenth  and  Race  streets.  During  the  micro- 
scopical reception  at  the  Academy  of  Natural  Sciences,  the  museum  will 
be  open  for  Inspection  and  the  members  of  the  Association  are  cordially 
Invited  to  be  present. 

On  the  same  evening  a  lecture  will  be  delivered  in  the  Academy  of 
Music  by  Prof.  Robert  S.  Ball,  Astronomer  Royal  of  Ireland.  Sub- 
ject :  **  The  Distances  of  the  Stars ;"  after  which  a  reception  will  be 
given  by  the  Local  Committee  In  the  Pennsylvania  Academy  of  Fine 
Arts,  at  the  corner  of  Broad  and  Cherry  streets,  to  the  members,  with 
their  families,  of  the  two  Associations,  of  the  Royal  Society  of  Canada, 
and  of  other  foreign  scientific  societies. 

On  Wednesday  afternoon,  September  10,  the  members  of  the  American 
and  British  Associations  for  the  Advancement  of  Science,  and  of  other 
scientific  bodies,  with  their  families,  are  invited  by  the  Ladles'  Reception 
Committee  to  a  lawn  party  at  Haverford  College,  distant  nine  miles  from 
the  city  on  the  line  of  the  Pennsylvania  Railway.  Special  trains  will 
leave  Penn.  R.  R.  Station,  Broad  street,  at  4.45  and  5.45  p.  m.,  returning 
7.60  and  9.30  p.  m.  Tickets  can  be  procured  at  an  especial  entrance 
gate  at  the  station  on  the  members  showing  their  badges. 

An  invitation  is  also  extended  by  the  managers  of  the  International 
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Electrical  Exhibition  to  inspect  the  exhibits.  Special  facilities  will  be 
offered  by  the  managers  of  the  exhibition  on  this  day,  and  It  is  recom- 
mended to  persons  having  professional  or  technical  interest  in  this  expo- 
sition to  visit  it  by  daylight  as  well  as  in  the  evening. 

The  Gknrral  Skcrrtary  submitted  a  list  of  eighty-four  names  of 
persons  who  had  been  nominated  for  membership,  and  they  were  elected. 

Dr.  C.  S.  MiNOT  then  said  :  I  have  the  honor,  ladles  and  gentlemen, 
to  present  for  yoar  respectAil  consideration,  a  subject  which  has  been 
deemed  a  most  important  one  by  many  members  of  the  Association.  I 
allude  to  the  proposed  organization  of  an  interuational  scientific  con- 
gress. The  movement  has  taken  shape  In  the  drafting  of  a  petition, 
signed  by  the  names  of  many  eminent  men,  for  presentation  to  both  the 
British  and  American  Associations.  The  petition  is  as  follows:  **The 
undersigned  respectfully  request  the  British  Association  for  the  Advance- 
ment of  Science  and  the  American  Association  for  the  Advancement  of 
Science  to  consider  the  advisability  of  forming  an  international  scientific 
congress,  to  meet  at  intervals  In  the  different  countries,  and,  if  it  should 
be  found  desirable,  to  take  measures  to  initiate  the  undertaking."  This 
is  an  entirely  spontaneous  movement,  and  has,  in  view,  in  the  fullest 
sense,  the  advancement  of  the  cause  which  is  of  mutual  interest  to 
every  one  of  us.  The  British  Association,  at  Its  recent  session  in  Mon- 
treal, received  this  petition  most  cordially  and  courteously,  and  appointed 
as  the  Committee  to  consider  the  proposition,  three  of  its  most  eminent 
members:  Sir  William  Thomson,  Sir  Lyon  Playfalr,  and  Mr.  Vernon 
Harcourt.  They  will  consult  with  the  Committee  of  this  Association 
appointed  yesterday,  namely :  Professors  S.  Newcomb,  T.  Sterry  Hunt, 
G.  F.  Barker,  E.  C.  Pickering,  J.  W.  Powell,  Ira  Remsen  and  C.  S. 
MInot.  It  Is  with  great  pleasure  that  I  brlug  this  matter  before  you  to- 
day. I  feel,  however,  that  this  is  not  the  occasion  for  any  further  com- 
ment upon  the  matter,  and  we  must  await  the  deliberations  of  those  to 
whom  the  subject  has  been  referred. 

The  General  Session  then  adjourned. 

Friday  Evening. 

Reception  at  the  Academy  of  Music,  at  8  o'clock.  President  Lesley 
introduced  the  Hon.  John  Welsh,  Chairman  of  the  Local  Committee, 
who,  in  a  short  speech  on  behalf  of  the  citizens  of  Philadelphia,  wel- 
comed the  visiting  scientists  to  the  city.    He  said : 

The  large  number  of  scientists  who  are  gathered  to-night  In  the 
Academy  indicate  the  extent  and  numerousness  of  the  devotees  at  the 
shrine  of  Science,  who  are  seeking  to  learn  of  the  mysteries  and  mani- 
fold powers  of  Nature,  of  her  ways  known  and  unknown.  Her  wonderful 
daily  unfoldings  are  apparently  Inscrutable.  In  searching  out  the  meth- 
ods of  divinity  In  the  administration  of  the  universe  the  noblest  faculties 
of  man  are  called  into  action.  Science  moves  slowly  from  point  to  point, 
each  advance  forming  a  stepping  stone  to  farther  progress.  The  aim  of 
science  is  the  amelioration  of  the  condition  of  mankind,  to  lighten  hu- 
man burdens  and  help  on  human  industries. 


700  EXECUTIVE  proceedings; 

We  tender  j'ou,  then,  as  missionaries  in  this  great  march  of  intcl- 
lectoal  progress,  a  cordial  welcome  to  Philadelphia,  and  may  your  stay 
in  onr  midst  be  productive  of  lasting  and  pleasant  recollections  of  us. 
Again,  I  say,  thrice  welcome. 

Dr.  William  Pkpper,  Chairman  of  the  Committee  of  Invitations  and 
Reception,  after  a  few  introductory  remarlcs,  spoke  as  follows : — 

The  importance  of  this  meeting  is  to  be  readily  recognized,  not  only 
by  the  large  numbers  in  attendance,  but  far  more  by  the  character  of  the 
audience  I  have  the  honor  of  addressing.  Althongh  no  banners  float  in 
the  breeze,  and  though  no  rival  bnnds  All  the  air  with  confused  and  hideous 
noises,  the  thoughtful  mind  will  recognize  in  this  meeting  a  convention  of 
vastly  more  importance  to  the  future  interests  of  our  nation  and  our  race 
than  are  those  noisy  assemblages  where  personal  preeminence,  not  per- 
manent principles,  Is  the  subject  of  contention. 

Only  thirty-six  years  have  passed  since  the  initial  meeting  of  the  Amer- 
ican Association  for  the  Advancement  of  Science  (the  outgrowth  of  the 
Association  of  American  Geologists  and  Naturalists)  was  convened  In  this 
city,  and  Its  organization  was  effected  in  close  conformity  with  that  of  the 
British  Association  for  the  Advancement  of  Science, 

The  number  in  attendance  was  small,  and  the  proceedings  attracted 
little  or  no  attention  outside  of  scientific  circles ;  in  succeeding  years  the 
larger  meetings  and  the  well-known  names  which  appeared  among  the  con- 
tributors, drew  from  the  press  brief  notices,  often  of  quizzical  tone;  but 
later  still  it  began  to  be  recognized  that  these  annual  gatherings  of  scien- 
tists were  significant  events,  and  that,  instead  of  barren  discussion  of  ab- 
stract matters  absorbing  their  time,  very  many  observations  and  inventions 
of  the  greatest  practical  importance  yearly  appeared  in  their  transactions, 
and  thus  finally  it  has  come  about  that  any  such  international  scientific 
meeting  as  the  present  is  regarded  with  Intelligent  interest  by  the  entire 
community,  who  appreciate  that  our  scientific  labors  are  closely  connected 
with  the  progress  of  civilization,  and  witli  the  advancement  of  human 
welfare.  It  is  to  this  demonstration  that  modern  science  does  deal  di- 
rectly with  the  chief  human  interests  that  its  marvellously  rapid  advance 
in  the  estimation  of  the  public  is  due.  And  when  it  is  fully  realized  that 
this  modern  science  not  only  alms  to  secure.  In  the  language  of  Emerson, 
*the  extension  of  man  on  all  sides  into  nature  till  his  hands  shall  touch  the 
stars,  his  eyes  see  through  the  earth,  his  ears  understand  the  language  of 
beast  and  bird,  and  the  sense  of  the  wind,  and  through  his  sympathy  heaven 
and  earth  shall  talk  with  him,'  but  further  that,  through  its  marvellous  in- 
terpretation and  adaptation  of  the  forces  and  laws  of  nature,  man  now  for 
the  first  time  is  being  slowly  brought  into  closer  harmony  with  his  envi- 
ronment, and  thus  fitted  for  fuller  evolution  in  accordance  with  the  cos- 
mical  changes  ceaselessly  progressing  around  him,  then  it  will  be  willingly 
conceded  that  the  work  in  which  this  association  Is  so  successfully  en- 
gaged, is  the  most  important  and  beneficent  which  has  ever  engaged  the 
activities  of  our  race. 

It  is  becoming  possible  to  form  dim  conceptions  of  the  past  history  of 
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man  and  of  the  successive  stages  by  which  he  has  emerged  from  the  period 
of  the  river  drift  and  of  the  cave  dwellers ;  and  science  is  teaching  us  how, 
through  ignorance  and  inability  to  cope  with  the  adverse  forces  of  nature, 
successive  races  of  man  have  been  displaced,  dispersed  or  destroyed,  and 
through  what  painful  struggles  for  subsistence  has  the  race  gained  its 
present  development ;  but  who  will  dare  foretell  the  possibilities  of  human 
progress  or  of  the  elevation  of  a  race  inheriting  an  ever-increasing  wealth 
of  moral,  mental  and  physical  attainments;  or  assert  that  with  such  ad- 
vancing intimacy  with  nature's  laws,  we  shall  not  yet  conquer  in  the  Ti- 
tanie  struggles  which  may  await  us  in  the  distant  future?  Of  such  laws, 
and  of  no  human  legislation,  was  it  sublimely  said :  'Herseat  is  the  bosom 
of  God,  her  voice  is  the  harmony  of  the  world.*  Nor  does  it  need  any 
word  at  this  day  to  defend  the  researches  of  science,  the  interpreter  of  na- 
ture, whether  into  the  past  or  the  future,  as  the  noblest  and  most  attrac- 
tive and  fruitful  topic  wliich  can  engage  the  mind  of  man. 

It  is  true  that  with  each  year  there  is  increasing  public  appreciation 
of  the  work  and  claims  of  scientists.  We  have  but  recently  seen  the 
gates  of  England's  great  Abbey  open  to  receive  among  her  famous  dead 
not  only  the  immortal  Darwin,  but  another  wiiose  claim  to  entrance  there 
was  that  he  had  been  tlie  chosen  and  fitting  representative  of  England's 
scientists.  But  in  this  country  there  is  needed  more  practical  and  imme- 
diate expression  of  this  rising  appreciation.  Science  itself  is  uliimately 
practical  and  profitable;  but  with  no  such  motive  as  that  of  profit  or  im- 
mediate utility  must  the  true  scientist  pursue  his  re^searches.  Nor  can  we 
afford  to  delay  the  formation  of  such  ample  endowments  as  will  enable  the 
gifted  and  disinterested  men  whom  we  expect  to  advance  our  national 
scientific  fame  to  prosecute  their  labors ;  and  which  will  render  our  great 
universities  true  centres  of  fruitful  scientific  work,  extending  their  iufiu- 
ence  throughout  the  world. 

The  importance  of  this  endowment  of  scientific  research  is,  to  my 
mind,  one  of  the  greatest  lessons  of  tliis  interesting  occasion ;  and  I  have 
gladly  availed  myself  of  the  opportunity  of  alluding  to  it  while  discharg- 
ing the  grateful  duty  of  extending  to  you,  as  I  now  do,  a  most  cordial 
welcome  on  belialf  of  the  scientific  workers  of  Philadelphia,  of  whom, 
whether  of  the  past  or  of  the  present,  I  am  proud  to  be  able  to  say  thut 
they  include  many  whose  name  and  fame  the  world  will  not  willingly  let 
pass  away. 

The  retiring  President  C.  A.  Young  then  gave  his  address,  which  is 
printed  in  full  in  the  present  volume. 

Dr.  Ball,  the  Astronomer  Royal  of  Ireland,  was  called  for  amid  cheers, 
and,  in  behalf  of  the  British  Association  and  the  foreign  delegates,  spoke 
as  follows : 

I  am  sorry  that  some  one  else  was  not  chosen  to  respond  to  this  over- 
whelming testimony  of  cordiality  and  kinaly  feeling  of  the  citizens  of 
Philadelphia.  I  was  picked  out,  however,  I  suppose,  because  I  have  been 
in  this  country  longer  than  the  rest  of  my  associates.  These  have  been 
here  only  twelve  hours,  while  I  have  been  here  fifteen  hours.  A  big 
difference  you  see. 
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I  feel  sare  that  I  am  expressing  the  sentlmeDts  of  those  for  whom  I 
speak,  when  I  thank  yoa  warmly  and  heartily  for  your  very  kind  greet- 
ing that  yoQ  have  extended  to  as.  I  wish  to  thank  yoa  also,  for  yoar  cor- 
dial hospitality,  which  makes  as  feel  that  we  shall  have  an  enjoyable  and 
profitable  visit  to  this  great  and  beaatifUl  city. 

I  want  to  say  a  word  with  regard  to  Professor  Yoang*s  theory  aboat 
san  spots.  If  any  one  on  oor  side  of  the  Atlantic  shoald  have  the  cour- 
age to  advance  the  belief  that  there  are  no  sun  spots  he  would  have  many 
scientists  down  upon  him.  However,  I  have  not  yet  heard  whether  the 
sun  spots  give  us  good  or  bad  weather. 

There  is  danger  of  astronomers  failing  into  the  fool's  paradise,  by  re- 
lying too  Implicitly  upon  the  mathematical  formulas  and  theories  already 
laid  down  for  tiieir  guidance.  They  are  not  always  accurate  or  to  be  de- 
pended upon  implicitly.  One  object  of  science  is  to  clear  up  these  mis- 
takes and  discrepancies. 

Dr.  Ball's  remarks  brought  the  formal  exercises  to  a  close,  and  the  rest 
of  the  evening  was  given  up  to  an  informal  promenade  and  a  general  re- 
ception of  the  delegates,  characterized  by  much  hand-shaking,  and  ter- 
minating with  a  bountiful  collation. 

Saturday,  Sept.  6. 

No  meetings  of  the  Association  were  held.  The  day  was  devoted  to 
excursions  to  Cape  May,  Atlantic  City,  Long  Branch,  the  Coal  regions, 
and  other  places.  The  members  of  the  Association  were  handsomely  en- 
tertained at  all  these  places,  and  to  the  Local  Committee  was  given  great 
praise  for  the  admirable  manner  in  which  the  programme  was  carried 
out.  The  Long  Branch  party  was  entertained  by  Dr.  Isaac  Lea,  £x  Pres- 
ident Grant,  Dr.  Da  Costa,  and  Mr.  Anthony  Drexel. 

The  trip  to  the  Coal  Regions  was  a  complimentary  one,  tendered  by 
the  Philadelphia  and  Reading  Railroad,  and  was  made  chiefly  successful 
by  the  efforts  of  Mr.  Chas.  A.  Ashburner,  chairman  of  the  joint  excursion 
committee  S.  B.  Whiting,  of  the  Reading,  and  Joseph  S.  Harris  of  the 
Lehigh  Valley  Railroad. 

Monday,  Sept.  8,  188i. 

The  Association  met  in  Gkneral  Session  at  10  a.  m.  Owing  to  the  ill- 
ness of  President  Leslby,  Prof.  £.  D.  Cope,  the  senior  Vice  President, 
occupied  the  chair. 

The  Genkiial  Secretary  read  the  names  of  forty-nine  persons  who  had 
been  nominated  for  membership,  and  they  were  elected. 

The  President  announced  that  the  reports  of  Special  Committees  were 
now  in  order. 

The  * 'Permanent  Committee  on  Weights,  Measures  and  Coinage"  re- 
ported progress  and  was  continued. 

The  "Committee  on  Membership"  was  continued. 

The  "Committee  on  the  best  methods  of  Science-teaching  in  the  Public 
Schools"  was  reorganized  with  power  to  add  to  its  number. 

The  ''Committee  on  the  Registration  of  Deaths,  Births  and  Marriages*' 
reported  and  was  continued. 
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The  "Committee  on  Stellar  Magnitudes*'  made  a  repoii;,  which  will  be 
found  on  page  29,  and  was  continued. 

The  '^Committee  to  confer  with  Committees  of  Foreign  Associations 
for  the  Advancement  of  Science  with  reference  to  an  International  Con- 
vention of  Scientific  Associations"  was  reorganized,  and  reported  as  fol- 
lows: 

1.  That  this  committee  be  empowered  to  act. 

2.  That,  after  being  officially  advised  of  the  willingness  of  a  sufficient 
number  of  foreign  societies  to  cooperate,  it  unites  with  such  bodies  to 
form  a  corporation  under  a  suitable  name,  in  order  to  hold  property  le- 
gally, and  receive  the  gift  of  Mrs.  Elizabeth  Thompson. 

3.  That  the  British  Association  be  invited  to  appoint  a  representative 
Committee  to  further  cooperate  with  this  Committee* 

The  '*  Committee  on  Indexing  the  Literature  of  the  Chemical  Elements" 
sent  a  report  which  will  be  found  on  page  31  and  was  continued. 

The  *' Committee  on  International  Congress  of  Geologists  "  reported 
and  was  continued. 

The  **  Committee  to  Confer  with  the  United  States  Geologist  in  regard 
to  cooperation  between  the  Government  and  Slate  Geological  Surveys  " 
reported  and  was  continued. 

The  following  resolutions  offered  by  Prof.  W.  P.  Trowbridgb,  of  Co- 
lumbia College  were  adopted. 

JSeaolvedy  That  in  view  of  the  rapid  increase  and  extension  In  this  coun- 
try, of  the  Interests  which  depend  on  accurate  surveys  and  maps,  especially 
in  connection  with  the  engineering,  mining,  geological  and  agricultural 
professions  and  Industries,  it  is  the  sense  of  this  Association  that  Congress 
should  provide  at  once  for  the  extension  for  geodetic  and  topographic  sur- 
veys over  the  whole  country  without  regard  to  state  boundaries. 

Besolvedt  That  the  President  of  this  Association  be  requested  to  trans- 
mit copies  of  this  resolution  to  the  Speaker  of  the  U.  S.  ilouse  of  Repre- 
sentatives and  to  the  President  of  the  Senate. 

On  presenting  these  resolutions,  Prof.  Trowbridge  said : — 

Mr.  Prbsidbnt:  It  is  hardly  necessary  to  enter  into  any  discussion 
before  this  Association  concerning  the  necessity  and  the  importance  of 
accurate  maps  of  a  country  like  ours,  where  all  the  industries,  sciences 
and  enterprises  which  depend  on  such  maps  are  dally  and  rapidly  increas- 
ing in  importance. 

Nor  is  it  necessary  to  refer  to  the  existing  maps  known  as  state,  county 
and  town  maps,  except  to  reiterate  what  has  been  so  often  brought 
before  the  public  concerning  their  glaring  defects  and  often  gross  inac- 
curacies. 

Based,  as  these  maps  usually  are,  upon  crude  surveys  made  with  the 
magnetic  compass  and  rough  chaining,  it  is  impossible  that  they  should 
possess  any  elements  of  accuracy ;  while  some  of  the  most  important  fea- 
tures of  all  good  maps,  such  as  contour  lines  showing  elevations,  etc., 
are  in  these  maps,  entirely  wanting,  and  all  details  are  often  mere  fancy 
work. 
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Brief  reference  only  need  be  made  to  some  of  the  objects  for  which  the 
best  topographical  maps  are  now  in  pressing  demand. 

Among  these,  the  most  important  are  Geological  Sarveys,  which,  beside 
their  general  scientific  bearings,  have  immediate  practical  applications 
to  the  developments  of  the  mineral  wealth  of  the  country;  englneeriug 
enterprises,  notably  the  sanitary  drainage  of  malarious  districts,  the  sup- 
ply of  water  to  towns,  the  reclamation  of  low  and  moist  lands,  and  the 
irrigation  of  arid  tracts  of  which  there  are  such  large  areas  in  our  West- 
ern states  and  territories. 

Much  might  be  said  In  regard  to  benefits  to  agriculture  and  the  improve- 
ments of  lines  of  communication,  afi'ectlng  state  and  Interstate  commerce, 
which  must  Immediately  follow  the  execution  of  accurate  maps. 

It  may  be  taken  for  granted  that  there  will  be  found  little  dlflbrence  of 
opinion  among  our  scientific  men  on  all  these  questions. 

But  the  resolution  which  I  hope  to  see  passed  loolcs  to  an  important 
modification  of  the  policy  pursued  by  the  governments  up  to  the  present 
time;  a  policy  which  has  been  accepted  by  the  public  for  no  other  reason, 
it  seems  to  me,  than  the  simple  fact  that  this  policy  has  never  been  the 
subject  of  serious  discussion  by  men  of  science  lu  tliis  country. 

It  has  been  taken  for  granted  that  as  far  as  our  sea  coasts  and  the  shores 
of  the  great  lakes  are  concerned,  the  interests  of  commerce,  which  are 
plainly  common  to  all,  point  to  the  execution  of  surveys  by  the  general 
government;  while  It  has  at  the  same  time  tacitly  admitted  that  although 
preliminary  reconnaibsauce,  and  explorations  of  our  territories  should 
also  be  made  by  the  government  yet  so  soon  as  a  state  Is  organized,  all 
surveys,  including  those  which  alone  deserve  the  title  of  accurate  geo- 
detic and  topographic  surveys,  must  be  executed  by  the  states  themselves, 
at  their  own  will  and  pleasure,  and  according  to  their  own  methods. 

It  is  not  difilcult  to  see  that  under  this  public  policy  there  can  never  be 
a  thorough  survey  of  this  country  us  a  whole,  nor  of  auy  considerable 
part  of  it. 

It  Is  next  to  Impossible  for  several  states  to  unite  on  one  system,  and 
to  conduct  surveys  which  shall  be  properly  united  along  their  borders. 
We  have  all  seen  how  diflJrult  It  has  often  been  for  two  states  to  decide 
through  commissioners  appointed  by  their  legislatures,  upon  the  exact 
boundary  between  them;  and  those  who  have  endeavored  to  secure  the 
favorable  action,  of  a  single  state  legislature,  on  the  subject  of  a  geo- 
detic and  topographic  survey  of  a  state,  and  who  have  been  discouraged 
by  the  apathy  of  state  legislatures  will  appreciate  the  hopelessness  of  the 
task  of  obtaining  united  and  concurrent  legislation  lu  several  states. 

Without  such  concurrent  action  on  the  part  of  many  states,  in  which 
questions  of  control,  division  of  labor  and  costs,  the  execution  of  the  field 
and  oflice  work,  and  the  construction  of  mops,  must  all  enter  into  the  dis- 
cussion, it  must  be  seen  that  the  execution  of  general  geodetic  and  topo- 
graphic surveys  of  the  country  by  the  states  themselves  is  Impracticable. 

State  boundaries  should  not  be  allowed  thus,  without  any  sufficient  rea- 
son to  become  insurmountable  barriers  to  the  execution  of  a  public  work 
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of  Buch  importance  as  the  accurate  survey  of  a  coantry  like  onrs,  where 
the  interests  involved  are  general  as  well  as  local.  In  all  countries  where 
such  surveys  have  been  made,  —  and  the  list  of  these  would  be  a  mere 
enumeration  of  the  states  of  Europe,  —  the  government  has  not  only 
controlled  the  surveys  but  supplied  the  means  for  their  execution. 

It  must,  I  think  be  recognized  here,  as  it  has  been  everywhere  else,  that 
the  subordinate  political  divisions  of  a  country  ought  not  to  control  and 
execute  the  separate  parts  of  a  public  work  which  from  its  very  nature  can- 
not be  properly  thus  subdivided,  and  finally  it  may  be  urged  that  a  national 
survey  of  the  character  contemplated  in  this  resolution  is  one  of  the  most 
important  of  all  the  sources  of  increased  national  wealth  and  prosperity. 

*'  The  Committee  in  relation  to  Duties  on  Scientific  Books"  reported  that 
relief  may  be  expected  on  books  for  those  engaged  in  scientific  research, 
and  the  committee  was  continued. 

Prof.  C.  A.  Young,  of  Princeton,  Chairman  of  **  the  Committee  on 
Interchange  of  Courtesies  between  the  American  and  Britlfth  Associations 
for  the  Advancement  of  Science"  said  that  the  gentlemen  composing 
the  Committee  had  no  written  report.  They  preferred  that  what  they 
had  to  say  should  come  warm  from  the  heart.  The  presence  here  of 
so  many  English  friends  shows  with  what  success  the  eflbrts  of  the  com- 
mittee have  been  attended.  The  cordiality  between  the  two  associations 
is  manifest  enough.    I  therefore  ask  that  we  be  discharged. 

At  this  moment  half-a-dozen  British  members  jumped  up  and  requested 
that  a  vote  of  thanks  to  the  Committee  be  unanimously  agreed  upon. 
This  suggestion  was  favorably  received,  and  was  on  the  point  of  being 
put,  when  Prof.  Cakvill  Lewis,  one  of  the  Local  Secretaries,  rose  and 
said :  Before  the  Committee  Is  discharged  and  its  members  are  once  more 
distributed,  I  would  like  to  know  if  it  is  not  possible  through  something 
they  may  do  to  secure  a  continuance  and  permanency  of  the  very  pleas- 
ant relations  which  to-day  exist  between  our  foreign  friends  and  our- 
selves. [Applause]  I  should  like  to  feel  that  there  was  an  arrangement 
by  which  in  the  ftiture  the  bond  of  union  between  the  two  great  countries 
may  become  stronger  and  stronger.  It  would  be  a  good  thing  to  secure 
to  the  English  scientist  when  he  visits  this  country  in  after  years  a  mem- 
bership for  the  time  being  in  our  American  Association.  It  would  also 
be  satisfactory  to  know  that  when  an  American  visits  Great  Britain  he 
will  feel  the  warm  brotherly  friendship  that  comes  of  a  mutuality  of  in- 
terest. Our  constant  interchange  of  courtesies  may,  too,  have  another 
reason  for  existing  in  an  organized  manner.  By  their  continuance  it 
will  be  possible  to  obtain  from  the  steamship  companies  such  a  reduction 
of  rates  as  will  allow  members  of  the  Association  on  one  side  of  the  water 
to  frequently  attend  the  sessions  of  the  Association  on  the  other  side. 
I  there/ore  suggest,  if  the  Chair  be  willing,  that  the  Committee  continue, 
in  the  hope  that  they  may  keep  on  solidifying  the  friendly  feeling  between 
the  countries. 

Professor  Young  said  that  the  Committee  would  be  pleased  to  continue 
on  such  pleasant  work. 

A.  A.  A.  8.,  VOL.  XXXni.  45 
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Prof.  Trblawnbt  Saundrrs  said :  I  would  like  to  say  a  few  words 
on  behalf  of  my  countrymen  who  have  been  so  liberally  treated  at  your 
hands.  I  am  not  speaking  at  their  suggestion,  but  I  know  that  I  can 
take  upon  myself  to  say  for  them  that  they  are  highly  delighted  at  your 
hospitality.  Not  only  are  they  grateful  for  what  has  been  done  for  them 
.personally,  but  ttiey  are  pleased  to  meet  with  so  much  kindly  feeling  to- 
wards their  country  in  general.  You  are  brothers  truly,  and  never  before 
did  we  realize  it  so  forcibly.  What  you  have  done  and  what  you  have 
said  will  do  something  to  increase  the  affection  with  which  the  people  of 
both  countries  naturally  regard  each  other.  You  came  Arom  us  -,  you  are 
our  flesh  and  blood  and  you  are  Eugiishmen.  Time  has  effaced  a  few  tri- 
fling characteristics  which  formerly  were  common  to  both;  but  English- 
men are  getting  Americanized,  and  Americans  are  getting  Anglicized. 
Differences  are  disappearing.  A  few  years  hence  we  shall  be  as  one  na- 
tion, each  country  having  acquired  the  virtues  and  good  qualities  of  the 
other  and  both  being  beneflted.  Anything  like  an  international  science 
congress  will  be  well  received  by  your  brothers  over  the  water. 

A  vote  of  thanks  was  given  the  Committee  and  it  was  also  voted  that 
.it  be  continued. 

The  Gbnkual  Skssion  then  a(JUoumed. 

.  < 

In  the  evening  there  was  a  reception  at  College  Hall,  tendered  by  the 

Xojcal  Committee,   Provost,  Trustees  and  Faculty  of  the  University  of 

Peimsylvauia. 

Tuesday,  Sept.  9. 

The  Association  met  at  10.80  a.  m.  in  Gknrkal  Session.  President  Les- 
ley was  still  unable  to  preside  and  Vice  President  £.  D.  Cope  took  the 
chair. 

The  General  Secretary  read  a  list  of  twenty-eight  persons  recom- 
mended for  membership  in  the  Association,  and  they  were  duly  elected. 

Invitations  to  visit  the  Wagner  Free  Institute  of  Science,  and  the 
Girard  College  were  received  and  accepted,  and  Tuesday  afternoon  agreed 
upon  for  a  visit  to  them. 

The  General  Secretary  read  the  names  of  Fellows,  recommended  by 
the  Nominating  Committee  for  officers  for  the  meeting  to  be  held  in  1885, 
and  they  were  elected  by  the  Association  and  are  as  follows : — 

Fresident:  H,  A.  Newton,  of  New  Haven,  Ct. 

Vice  Presidents :  A.  Mathematics  artd  Astronomy — J.  M.  Van  Vleck, 
of  Middletown,  Ct. ;  B.  Fhysics^C.  F.  Brackbtt,  of  Princeton,  N.  J. ; 
C.  Chemistry^ Vi,  R.  Nichols,  of  Boston,  Mass.;  D.  Mechanical  Science 
—J.  BuRKiTT  Webb,  of  Ithaca,  N.  Y. ;  S.  Geology  and  Geography  — 
Edward  Orton,  of  Columbus,  O.;  P.  Biology^BuuT  G.  Wilder,  of 
Ithaca,  N.  Y.  ;G,  Histology  and  Microscopy-^  S.  H.  Gage,  of  Ithaca,  N.  Y. ; 
H.  Anthropology— W .  H.  Dall,  of  Washington,  D.  C. ;  I.  Economic 
Science  and  Statistics—BDWAiiD  Atkinson,  of  Boston,  Mass. 

Permanent  Secretary:  JF.  W.  Putnam,  of  Cambridge  (office,  Salem, 
Mass.). 
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General  Secretary :  Charlks  Sedgwick  Minot,  of  Boston,  Mass. 

Assistant  General  Secretary :  Charles  C.  Abbott,  of  Trenton,  N.  J. 

Secretaries  of  the  Sections :  A.  Mathematics  and  Astronomy — E.  W.  Hyde, 
of  Cincinnati,  0. ;  B.  Physics-^A.  A.  Michklson,  of  Cleveland,  O. ;  [since 
resigned] ;  C.  Chemistry — F.  P.  Dunnington,  University  of  Virginia, 
Va. ;  D,  Mechanical  Science— C.  J.  H.  Woodbcjry,  of  Boston,  Mass. ; 
E.  Geology  and  Geography — H.  Carvill  Lewis,  of  Gerraantown,  Pa.;  P. 
Biology — C.  H.  Fi^unald,  of  Orono,  Me. ;  Q.  Histology  and  Microscopy — 
W.  H.  Walmsley,  of  Philadelphia,  Pa. ;  H,  Anthropology — Euminnie 
A.  Smith,  of  Jersey  City,  N.  J. ;  I.  Economic  Science  and  Statistics — ^J. 
W.  Chickbring,  of  Washiugton,  D.  C. 

Treasurer :  William  Lilly,  of  Mauch  Chunk. 

The  Nominating  CoMMirrEB  also  announced  that  Bar  Harbor,  Moaut 
Desert,  Me.,  had  been  suggested  as  the  place  of  meeting  for  the  next  an- 
nual session  of  the  association.  Professor  Copk  said  that  the  Committee 
had  thought  that^^he  Permanent  Secretary  should  have  a  certain  amount  of 
discretion  as  to  whether  Bar  Harbor  should  be  the  actual  meeting-place, 
because  It  may  be  that,  after  communicating  with  the  people  of  that  place, 
he  might  find  that  sufficient  accommodations  could  not  be  secured.  In 
that  event  the  association  would  have  to  be  called  elsewhere.  An  alter- 
nate place  suggested  by  the  committee  was  Ann  Arbor,  Mich. 

A  member  auuounced  his  intention  of  offering  at  the  next  annual  meet- 
ing a  resolution  providing  that  applicants  for  membership  In  the  associa- 
tion should  be  disposed  of  b.v  the  Standing  Committee,  to  save  the  time 
of  the  general  session.    This  suggestion  was  heartily  applauded. 

Dr.  MiNOT  then  made  an  announcement  that  stirred  the  hearts  of  his 
hearers  with  enthusiasm.  **  Mrs.  Elizabeth  Thompson, "  he  began,  when 
he  was  interrupted  by  applause,  '*  has  notified  me  that  she  will  contribute 
1^5000  for  the  promotion  of  original  scientific  research,  with  the  promise 
of  an  additional  $5000  if  the  proposed  International  Congress  Is  effected. 
She  also  expresses  her  readiness  to  contribute  another  $5000  next  year, 
on  condition  that  $10,000  Is  raised  by  other  people  towards  promoting 
the  same  object.  The  committee  so  far  has  come  to  no  definite  conclu- 
sion respecting  an  International  Congress,  but  this  generous  offer  of  Mrs. 
Thompson's  has  much  enlarged  the  chances  of  Its  being  brought  about. 
But  It  will  take  money,  and  I  appeal  to  you  to  come  forward  and  assist  us 
and  Induce  your  friends  to  contribute  something  In  the  way  of  substantial 
support.  Now  Is  the  critical  stage  of  the  proposition.  Unless  we  do 
something  now  it  will  have  to  lapse  probably  for  several  years  by  reason 
of  It  losing  the  splendid  contribution  which  I  have  Just  announced." 

A  vote  of  thanks  to  Mrs.  Thompson  was  carried  by  acclamation. 

A  cablegram  was  received  from  C.  B.  Norton,  secretary  of  the  American 
Exhibition  which  Is  to  be  held  In  London  two  years  flrom  now.  It  read 
as  follows :  "  Hope  you  wiU  arrange  to  meet  us  In  London  In  1886." 

The  Permanent  Secretary  announced  that  he  had  received  notice  that 
the  complimentary  use  of  the  Western  Union  Telegraph  Office  In  the 
building,  which  had  been  tendered  to  members  of  both  associations  by  the 
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corporation,  was  in  danger  of  being  abased  by  the  anreasonable  exactions 
of  a  few  members. 
The  Gbnbral  Session  then  adjourned. 

Wednesday,  Sept.  10. 

The  General  Session  took  place  at  the  Academy  of  Music  at  10  a.  m., 
with  Vice  President  Cope  in  the  chair. 
The  following  letter  was  read : — 

Philadelphia,  Sept.  8,  1884. 
Prof.  F.  W.  Putnam,  Permanent  Secretary,  A.  A.  A.  S. 

Dear  Sir: 
The  undersigned,  residents  of  Toronto,  Canada,  beg  to  suggest  that 
city  as  the  place  of  meeting  of  the  A.  A.  A.  S.  for  1886,  and  have  every 
confidence  in  assuring  the  Association  of  a  hearty  reception  from  all 
classes  of  the  community,  should  it  be  decided  to  meet  there.  In  order, 
howeyer,  that  there  should  be  ample  time  given  for  organizing  and  com- 
pleting the  arrangements  necessary  to  receive  the  Association  in  a  be- 
coming manner,  we  would  request  the  Standing  Committee  now  to  take 
such  steps  as  they  can  towards  giving  us  an  assurance  that  Toronto  shall 
be  the  place  of  meeting.  On  getting  such  an  assurance,  we  shall  take  the 
necessary  steps  towards  organizing  our  forces  there. 

Please  inform  the  Committee  that  this  is  the  second  invitation  to  Tor- 
onto, one  of  us  [Prof.  Loudon]  having  sent  an  invitation  to  the  Cincin- 
nati meeting,  accompanied  by  assurances  from  the  Ontario  Government, 
the  University  of  Toronto,  and  other  Institutions. 

J.  Loudon. 
Charles  Cakpmael. 

The  Standing  Committee  announced  that  it  was  desirable  that  the  As- 
sociation meet  in  Toronto  In  1886  or  1887. 

The  following  resolution,  approved  by  the  Standing  Comiutteb,  was 
adopted : — 

Hesolvedf  That  the  following  committee  is  hereby  appointed  to  report  at 
a  Ititure  meeting,  on  the  use  of  Graphic  Illustrations  in  representing  fkcts 
in  statistics  and  principles  of  science,  with  the  view  of  obtaining  uni- 
formity of  rules  in  their  construction;  viz. :  Fhankun  B.  Hough,*  E.  B. 
Elliott,  J.  E.  Hiloard,  Charles  Warren,  Wiluam  Kent. 

Ten  new  members  were  elected. 

The  following  members,  recommended  by  the  Standing  Committeb, 
to  be  Fellows  of  the  Association  were  then  elected  by  ballot : 
Aughey,  Prof.  Samuel,  University  of  Nebraska,  Lincoln,  Neb.  (29). 
Beyer,  H.  G.,  Passed  Ass*t  Surgeon  U.  S.  N.,  care  Bureau  of  Med.  and 

Surg.,  Navy  Dep't,  Washington,  D.  C.  (81). 
Blake,  Prof.  John  R.,  Greenwood,  S.  C.  (29).  . 
Brackett,  Solomon  H.,  St.  Johnsbnry,  yt.i,29). 

*Slaoe  deceased. 


REPORT  OF  THE   GENERAL   SECRETARY.  709 

Brewster,  William,  61  Sparks  St.,  Cambridge,  Mass.  (29). 
Chaoning,  Dr.  Wm.  F.,  Providence,  R.  I.  (29). 
Chase,  Prof.  Pliny  E.,  Haverford  College,  Haverford,  Pa.  (18). 
Clarke,  Miss  Cora  H.,  Jamaica  Plains,  Mass.  (29).  ^ 

Coulter,  Prof.  John  M.,  Crawfordsville,  Ind.  (82). 
Dlller,  J.  Silas,  U.  8.  Geological  Survey,  Washington,  D.  C.  (29). 
Dodge,  J.  Richards,  Washington,  D.  C.  (81). 
Dodge,  Prof.  James  A.,  Minneapolis,  Minn.  (29). 
Dow,  Capt.  John  M.,  69  Seventh  Ave.,  New  York,  N.  Y.  (31). 
Dudley,  P.  H.,  664  Pine  St.,  New  York,  N.  Y.  (29). 
Emery,  Albert  H.,  Stamford,  Conn.  (29). 
Foye,  Prof.  J.  C,  Lawrence  University,  Appleton,  Wis.  (29). 
Glssler,  Carl  F.,  Ph.  D.,  63  Broadway,  Brooklyn  (E.  D.),  N.  Y.  (29). 
Gratacap,  L.  P.,  Ph.  D.,  M.  A.,  American  Museum  Natural  History,  Cen- 
tral Park,  New  York,  N.  Y.  (27). 
Haliburton,  R.  G.,  Q.  C,  Ottawa,  Can.  (31). 
Hall,  Prof.  Lyman  B.,  Haverford,  Pa.  (31). 
Haynes,  Prof.  Henry  W.,  239  Bencon  St.,  Boston,  Mass.  (28). 
Herrick,  Clarence  L.,  Granville,  Ohio  (81). 
Hoadley,  J.  C,  28  State  St.,  Room  28,  Boston,  Mass.  (29). 
Iddlngs,  Joseph  P.,  U.  S.  Geological  Survey,  Washington,  D.  C.  (81). 
Jayne,  Horace  F.,  1826  Chestnut  St.,  Philadelphia,  Pa.  (29). 
Martin,  Prof.  William  J.,  Davidson  College,  N.  C.  (81). 
Mlnot,  Francis,  M.  D.,  65  Marlborough  St.,  Boston,  Mass.  (29). 
Norton,  Lewis  M.,  Ph.  D.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (29). 
Osborn,  Herbert,  Ames,  Iowa  (32). 
Pohlman,  Dr.  Julius,  Buffalo,  N.  Y.  (32). 
Richardson,  Clifford,  Dep't  of  Agric,  Washington,  D.  C.  (30). 
Ryder,  John  A.,  Smithsonian  Institution,  Washington,  D.  C.  (33). 
Sharpless,  Stephen  P.,  13  Broad  St.,  Boston,  Mnss.  (29). 
Smith,  Goldwln,  The  Grange,  Toronto,  Can.  (29). 
Wachsmuth,  Charles,  Burllnston,  Iowa  (30). 
Watson,  Prof.  Wm.,  Boston,  Mass.  (12). 
Wood,  Dr.  Wm.,  Portland,  Me.  (29). 
Woodbury,  C.  J.  H.,  31  Milk  St.,  Boston,  Mass.  (29). 
Woodward,  Prof.  Calvin  M.,  St.  Louis,  Mo.  (32). 

Among  the  invitations  read  by  the  Secretary  was  one  from  the  Ladies* 
Reception  Committee,  inviting  the  members  and  their  families  to  a  lawn 
party  at  Haverford  College  in  the  evening.  An  invitation  was  also  ex- 
tended by  the  managers  of  the  Electrical  Exhibition  to  inspect  the  ex- 
hibits.   These  Invitations  were  accepted. 

The  General  Session  then  adjourned. 

Thursday,  Sbpt.  11. 

The  Association  met  in  General  Session  at  10.80  a.  m.  Vice  President 
Cope  in  the  Chair.    Twenty  new  members  were  elected. 

A  Committee  was  appointed  to  memorialize  Congress  or  some  other 
saitable  body  to  supply  the  means  for  scientific  investigation  of  Fermenta- 
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tlon  and  its  effects.  The  Committee  was  composed  of:  Alfred  Sprikoer, 
F.  W.  Clakkk,  G.  M.  Sternberg,  H.  W.  Wiley  and  Clifford  Richard- 
son. 

A  Committee  of  Ave  was  appointed  to  consider  the  subject  of  Ana- 
tomical Nomenclature  with  especial  reference  to  the  Brain. 

Committee :  Joseph  Lkidy,  Harrison  Allen,  H.  Osborn,  T.  B.  Stow- 
ELL  and  B.  G.  Wilder. 

A  Committee  was  appointed  on  the  encouragement  of  researches  upon 
the  Health  and  Disease  of  Plants:  J.  C.  Arthur,  C.  E.  Bessrt,  T.  J. 
BuRKiLL,  W.  G.  Farlow,  J.  T.  Rothock,  C.  H.  Peck  and  W.  J.  Bral. 

The  following  committee  on  Physics  Teaching  was  appointed  :  T.  C. 
Mkxdknhall,  W.  H.  Anthony,  H.  S.  Cahhart,  F.  H.  Smith  and  John 
Trowbridge. 

The  following  resolutions  were  received  IVom  Skction  F  : 

Ji^8ohedy  1.  That  the  Biological  Section  of  the  American  Af^sociatiOD 
for  the  Advancement  of  Science  earnestly  requests  the  Postmaster  Gen- 
eral to  recommend  to  Congress  such  changes  In  the  existing  postal  laws 
as  will  permit  the  transmission  through  the  mails  of  botanical  specimens 
accompanied  with  the  customary  written  labels,  giving  name,  locality 
date  of  collection  and  collector's  name,  at  fourth-class  rates  of  postage. 

2.  That  he  will  take  such  action  as  may  be  deemed  best  to  secure  sim- 
ilar regulations  in  the  transmission  of  botanical  specimens  to  and  from 
Canada. 

8.  That  he  will  cause  the  same  subject  to  be  presented  before  the 
Congress  of  the  Universal  Postal  Union  at  its  meeting  in  Lisbon,  in 
October  next,  In  order,  if  possible,  to  secure  like  liberality  with  foreign 
countries. 

The  Secretary  was  requested  to  transmit  the  resolutions  to  the  Post- 
master General,  and  the  following  Committee  was  appointed  to  wait  upon 
the  Postmaster  General  to  bring  the  matter  more  fully  to  his  attention : 
L.  F.  Ward,  Geo.  Vasky  and  J.  W.  Chickkring. 

The  Committer  to  consider  ihe  advisability  of  designating,  in  the 
printed  list  of  members,  the  various  sections  in  which  each  member 
is  principally  interested,  by  putting  the  characteristic  letter  of  those  sec- 
tions after  his  name,  reported  as  follows : 

They  recommend  that  the  Permanent  Secretary  shall  be  directed  to 
issue  a  circular  to  every  member  of  the  Association,  asking  him  to  indi- 
cate those  sections  of  the  Association  in  which  he  is  principally  inter- 
ested. 

It  was  voted  to  distribute  the  Philadelphia  volume  of  the  Proceedings 
to  the  foreign  delegates  and  the  members  of  the  British  Association  pres- 
ent at  this  meeting. 

The  General  Session  then  adjourned. 

Thursday  Evening  Session. 

The  Association  held  its  final  meeting  in  General  Session  at  the  Acad- 
emy of  Music.    President  Lesley  in  the  Chair.    The  Assistant  General 


REPORT   OF  THE   GENERAL   SECRETARY.  711 

Secretary,  Dr.  Minot,  read  a  resolution  which  gave  the  th&n^s  of  the 
Association  to  His  Excellency,  Robert  E.  Pattison,  Governor  of  Penn- 
sylvania, and  to  His  Honor,  Wm.  6.  Smith,  Mayor  of  Philadelphia. 

To  the  Local  Committee  for  the  laborious  and  saccessfhl  care  in  per- 
fecting all  arrangements  for  the  meeting. 

To  the  Ladies'  Reception  Committee  for  their  many  and  agreeable 
attentions. 

To  Gen.  H.  S.  Huidekoper  for  admirable  arrangements  of  the  Asso- 
ciation Post  Office  and  telegraph. 

To  the  Rrpresentatives  of  the  Press. 

To  the  Tklrgraph  and  Telephone  Companies  for  privileges  granted. 

To  the  Pennsylvania,  Reading  and  Lehigh  Railroads,  for  privileges 
and  hospitalities  granted  and  the  kind  attentions  shown  during  the  excur- 
sions to  the  members. 

To  Prof.  C.  A.  Ashbdrner,  for  attentions  on  the  excursions  to  the 
coal  fields. 

To  the  Express  Companies  and  Union  Transfer  Company,  for  advan- 
tages offered  and  services  rendered. 

To  the  Union  League,  Episcopal  Academy,  Utopia  Club,  Historical 
Society  of  Pennsylvania  and  the  College  of  Physicians  for  the  use 
of  rooms. 

To  Dr.  Isaac  Lea,  Provost,  Trustees  and  Faculty  of  the  University 
OF  Pennsylvania  and  the  Managers  of  Haverford  College,  for  the 
agreeable  receptions  which  have  afforded  such  delightful  social  opportun- 
ities to  the  members  of  tlie  Association. 

To  the  Academy  of  Natural  Sciences  of  Philadelphia,  together 
with  the  Botanical,  Biological  and  Microscopical  Sections  of  the 
Academy  for  the  many  courtesies  received. 

To  the  Zoological  Garden,  and  to  the  Directors  and  Managei^s  of 
the  Ei^ctrigal  Exhibition  for  generous  and  valuable  invitations. 

To  the  Committee  of  Arrangements,  American  Mining  Engineers, 
Girard  College,  Atheneum  of  Philadklphia,  New  Century  Club, 
University  Club,  U.  S.  Mint,  Directors  of  the  City  Trusts  of 
Philadelphia,  Grand  Master  of  the  Free  and  Accepted  Masons, 
Sons  of  St.  Mark,  Trustees  and  Faculty  of  the  Woman's  Medical 
College,  Pennsylvania  Inst,  of  the  Deaf  and  Dumb,  House  of 
Refuge,  Philadelphia  Library  and  the  Wagner  Free  Inst,  of  Sci- 
ence, for  the  kind  invitations  extended  to  the  members  of  the  Association. 

To  the  two  Young  Ladies  who  have  looked  after  the  badges,  and  to 
the  Janitor  of  Horticultural  Hull,  for  their  faithfulness  and  courtesy. 

To  the  Assistant  in  the  Association  Post  OflSce  and  to  the  Telegraph 
Operator,  tlie  Rail  Road  Officials,  and  all  others  for  the  services  they 
have  rendered. 

And  last  but  not  least,  to  the  Citizens*  Reception  Committee  of 
Schuylkill  County,  for  dinners  at  Muhogany  Plane,  on  the  Anthracite  Ex- 
cursion. 

Professor  Harkness  of  Washington,  in  seconding  the  resolution  said : 
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The  City  of  Philadelphia  has  certainly  given  the  Association  a  warm  re- 
ception [Laughter],  but  to  do  hor  Justice  she  Is  not  responsible  for  that. 
We  have  heard  much  before  of  Philadelphia  hospitality  —  now  we  have 
experienced  it.  I  can  safely  say  that  the  words  of  the  Governor  who  said 
that  Pennsylvania  bade  us  welcome  have  been  made  good,  for  have  we 
not  received  courtesies  from  almost  the  entire  State? 

The  reception  promised  us  by  Mayor  Smith  on  belialf  of  the  city  has 
been  fully  lived  up  to.  One  great  object  of  our  annual  meetings  is  the 
promotion  of  social  intercourse  among  our  members.  They  get  ac- 
quainted with  each  other  hy  means  of  receptions  and  reunions  of  the  sort 
that  have  been  tendered  to  us  in  profusion  by  the  ladles  and  gentlemen 
of  Pliiladelphia.  We  have  had,  too,  at  this  meeting  an  element  that  never 
existed  before.  I  refer  to  the  presence  of  tlie  members  of  the  British  As- 
sociation. [Applause.]  There  have  come  among  us  from  England,  geolo- 
gists, astronomers  and  biologists  equal  to  any  In  the  world,  and  some  of 
them  leaders  In  their  particular  branches. 

Professor  T.  C.  Mkxdenhall,  of  Columbus,  then  made  the  following  re- 
marks :  Our  resolution  of  thanks,  which  is  already  so  voluminous,  might 
very  well  include  the  whole  city  directory.  In  fact,  every  one  has  helped 
us,  from  the  telegraph  companies  down.  If  gratitude,  by  the  way,  con- 
sists of  a  lively  appreciation  of  favors,  those  corporations  ought  to  be 
satisfled.  Members  In  appreciating  their  kind  offices,  have  literally 
deluged  them  with  telegrams.  The  only  complaint  that  I  have  heard 
against  the  railroads  Is  that  each  man  did  not  have  a  special  car. 

After  further  remarks  l)y  Professors  Thurston  and  Clarke,  the  reso- 
lutions were  carried  by  acclamation. 

President  Lesley  announced  that  some  of  the  British  members  had  a 
few  words  to  say.  Captain  Bedford  Pim,  R.  N.,  then  came  forward  and 
offered  the  following  resolution  : 

That  the  members  of  the  British  Association,  now  present,  tender  to  the 
citizens  of  Philadelphia,  and  especially  to  those  ladies  and  gentlemen 
whose  unwearied  exertions  have  rendered  this  meeting  such  a  memorable 
one,  their  most  cordial  thanks,  with  the  assurance  that  the  great  consid- 
eration and  unbounded  kindness  received  on  every  occasion  has  made  an 
impression  which  can  never  be  effaced. 

It  Is  impossible  to  put  into  six  lines  our  feelings  at  your  brotherly 
greeting.  I  was  going  to  say  that  we  have  received  every  attention  from 
the  highest  to  the  lowest,  but  I  suppose  I  must  not  make  use  of  such  an 
expression  in  a  country  where  there  are  no  lowest.  Anyhow,  you  have 
treated  us  grandly.  There  is  not  one  of  you  who  has  not  done  something 
for  us.  The  very  car  conductors  were  the  essence  of  politeness  when  we 
lost  our  way,  which,  I  assure  you,  was  often  enough. 

I  am  not  altogether  a  stranger  here.  Seventeen  years  ago  I  was 
wrecked  on  your  coast,  and  I  had  the  good  fortune  to  rescue  several  Amer- 
ican lives  from  the  ship  Santiago  de  Cuba.  At  that  time  I  received  the 
most  kindly  treatment  from  everyone,  including  the  newspapers. 

I  certainly  prefer  rhiladelphia  to  any  city  in  the  Union.    I  shall  go  away 
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with  my  heart  brlmfiil  of  love  to  her  and  her  people.  Hlght  here  I  want 
to  say  that  I  have  set  my  heart  on  the  American  Association  meeting  in 
London.  I  thinic  we  can  give  you  a  reception  only  second  to  the  one  yon 
have  given  ns.  [Applause.]  Whatever  conclusions  yon  may  come  to  about 
our  Lord  Mayor  and  common  councilmen,  they  will  give  you  some  excel- 
lent turtle.  Come  when  you  want  to.  Come  In  1886  if  you  can, —  but 
come. 

Professor  Ball,  Astronomer  Royal  of  Ireland,  in  speaking  of  the  hospi- 
tality of  this  country,  said  that  he  had  got  Invitations  from  Virginia,  Den- 
ver and  San  Francisco,  and  other  places  which  it  would  take  him  years  to 
fill.  He  was  astonished  at  the  enterprise  and  bigness  of  the  Union.  I 
had'nt  landed  here  more  than  twenty-four  hours,  when  an  enterprising 
editor  telegraphed  asking  me  to  wire  him  my  opinion  of  the  country,  as 
it  might  be  interesting  to  his  readers.  In  conclusion,  this  I'll  say,  if 
I  were  fifteen  years  younger  I'd  come  here  and  be  a  Yankee  myself. 

His  Excellency  Don  Arturo  Dk  Marco artu  of  Madrid,  and  the  Rev. 
£.  W.  Sylk  of  Japan,  made  remarks  expressive  of  their  gratitude,  and 
the  pleasures  and  importance  of  the  meeting. 

Remarks  were  also  made  by  Prof.  D.  Kikuchi,  Dean  of  the  Department 
of  Science  in  the  University  of  Tokio,  who  prophesied  the  establishment 
of  an  association  for  the  advancement  of  science  in  his  country. 

Permanent  Secretary  Putnam,  read  a  report  giving  the  following  sta- 
tistics of  the  meeting : 

The  register  shows  the  following  attendance  at  the  meeting:  From 
England.  228;  Scotland,  24;  Ireland,  21;  Canada,  19;  New  Brunswick,  8; 
Nova  Scotia,  2 ;  British  Burmah,  1;  making  303  from  Great  Britain;  Japan, 
4;  Germany,  2;  Russia,  1;  Spain,  1 :  Panama,  1;  making  312  from  foreign 
countries.  Pennsylvania,  238 ;  New  York,  161 ;  Massachusetts,  87 ;  Dis- 
trict of  Columbia,  84 ;  New  Jersey,  68 ;  Ohio,  67 ;  Connecticut,  82 ;  Virginia, 
22;  Missouri,  20;  Iowa,  19;  Illinois,  18;  Indiana,  17;  Maryland,  17;  Mich- 
igan, 10;  Delaware,  9;  Vermont,  9;  Kentucky,  8;  Tennessee,  8;  New 
Hampshire,  7 ;  Rhode  Island,  6 ;  Wisconsin,  6 ;  Minnesota,  6 ;  Texas,  6 ; 
Maine,  6 ;  Florida,  6 ;  Mississippi,  6 ;  Kansas,  6 ;  Georgia,  4 ;  Alabama,  4 ; 
Louisiana,  4 ;  Nebraska,  3 ;  Colorado,  2 ;  South  Carolina,  2 ;  West  Virginia » 
1 ;  North  Carolina,  1 ;  Oregon,  1 ;  California,  1 ;  Wyoming  Territory,  1 ; 
making  949  from  the  United  States  and  a  total  of  X261.  Five  hundred  and 
five  new  members  were  elected.  Three  hundred  and  five  papers  were 
presented  as  follows :  Section  A,  36 ;  B,  42 ;  C,  28 ;  D,  18 ;  E,  49 ;  F,  68 ;  G, 
18;H,  30;  I,  3L 

The  attendance  was  264  greater  than  ever  before  and  the  number  of 
papers  larger  than  at  any  preceding  meeting.  These  facts,  with  the  inter- 
national character  which  has  been  given  to  the  meeting  by  the  presence 
of  so  many  distinguished  men  from  other  lands,  mark  it  as  the  most 
successful  the  Association  has  ever  held. 

President  Lbslky  then  adjourned  the  meeting. 

Alfrbd  Sprikoer, 
General  Secretary, 
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At  the  age  of  thirty-six  years  the  Association  returned  to  the  place  of 
its  birth  and  held  the  most  important  and  largest  meeting  since  its  or- 
ganization. 

In  order  to  permit  of  an  interchansre  of  courtesies  between  the  British 
Association  at  Montreal  and  that  of  the  American  Association  at  Phil- 
adelphia, the  meeting  was  called  at  a  later  date  than  usual,  beginning  on 
Thursday,  September  4,  and  closing  on  the  following  Thursday.  Our 
own  members  were  thus  enabled  to  attend  the  Montreal  meeting  where 
they  were  cordially  welcomed,  and  about  three  hundred  members  of  the 
British  Association  were  afterwards  at  Philadelphia  as  the  honored 
guests  of  the  American  Association. 

The  members  of  the  Royal  Society  of  Canada  and  delegates  from  va- 
rious European  and  Asiatic  Societies  were  also  present  as  the  guests  of 
the  Association. 

The  international  character  which  was  thus  given  to  the  Philadelphia 
meeting  has  not  only  prepared  the  way  for  a  permanent  international  scien- 
tilic  congress,  but  has  been  of  lasting  value  in  binding,  by  closer  ties,  the 
English-speaking  people  of  two  great  countries.  Plans  are  already  ma- 
turing for  holding  a  meeting  of  the  American  Association  in  London  at 
an  early  date. 

The  great  success  of  the  Philadelphia  meeting  was  so  largely  due  to 
the  cooperation  of  the  efficient  and  earnest  Local  Committee  that  it  can 
only  be  mentioned  in  words  of  the  highest  praise.  To  its  labors  the 
members  of  the  Association  are  deeply  indebted,  not  only  for  their  own 
cordial  reception  by  state  and  city,  but  for  the  opportunity  of  receiving 
their  honored  guests  and  having  them  so  well  entertained. 

In  the  preceding  report  of  the  General  Secretary,  notice  has  been  taken 
of  the  many  invitations  to  entertainments,  receptions  and  excursions, 
which  were  accepted  and  enjoyed  by  all  with  such  good  will  and  fellow- 
ship, and  I  must  refer  to  that  report  for  a  fuller  appreciation  of  the  gen- 
eral character  of  the  meeting.  The  statistics  of  attendance  are  also  given 
In  the  General  Secretary's  report  and  need  not  be  recapitulated  here  ex- 
cept to  state  that  twelve  hundred  and  sixty-one  names  were  registered. 

Five  hundred  and  five  new  members  were  elected :  of  these,  four  hundred 
and  nine  have  accepted,  one  became  an  associate  member,  one  has  died, 
six  have  declined  and  eighty-eight  have  not  yet  replied  to  notices  sent  to 
them. 

Thirty-nine  members  were  made  fellows :  of  these  thirty  have  paid  the 
enrolment  fee. 

Since  the  list  of  members  was  printed  In  the  Minneapolis  volume  notice 
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has  been  received  of  the  death  of  thirty-six  members ;  thirty-three  have 
resigned,  and  three  hundred  and  two  have  been  dropped  ft'oro  the  list  in 
consequence  of  arrearages,  making  a  total  of  three  hundred  and  seventy- 
one  names  taken  from  the  list.  The  list  in  the  present  volume  is  aug- 
mented by  four  hundred  names  of  new  members  elected  at  Philadelphia 
and  of  twenty  old  members  who  have  paid  back  assessments,  making  a 
total  addition  of  four  hundred  and  twenty,  or  an  increase  for  the  year  of 
forty-nine  members.* 

The  addresses  of  the  President  and  of  the  nine  Vice  Presidents  are 
printed  in  the  present  volume.  Two  illustrated  lectures  were  delivered 
in  the  evening  at  the  Academy  of  Music  before  large  audiences  of  members 
and  citizens.  Several  reports  were  presented  in  General  Session,  and 
three  hundred  and  five  papers  were  brought  before  the  nine  Sections,  and 
appear  in  this  volume,  as  follows :'  Section  A,  2  in  full,  14  by  abstract,  20 
by  title;  Skctiox  B,  4  in  ftill,  18  by  abstract,  20  by  title;  Skction  C,  6  in 
ftill,  9  by  abstract,  13  by  title;  Section  D,  4  in  ftill,  14  by  abstract;  Skc- 
tion E,  2  in  ftiU,  26  by  abstract,  21  by  title;  Section  F,  7  in  ftiil,  89  by 
abstract,  12  by  title;  Section  G,  12  by  abstract,  1  by  title;  Section  H,  13 
by  abstract,  17  by  title;  Section  I,  3  in  fUU,  18  by  abstract,  10  by  title. 

The  editor  of  the  Proceedings  has  done  all  in  his  power  to  get  the  present 
volume  through  the  press,  as  early  as  possible,  but  owing  to  a  serious 
prostration  following  the  labors  at  the  meeting,  and  confinement  by  ill- 
ness in  the  early  part  of  the  winter,  much  time  was  lost.  It  must, 
however,  be  realized  by  all,  that  he  should  receive  more  assistance,  if  the 
volume  is  to  be  issued  at  an  early  date,  for  now  that  nine  sections  are  in 
force,  and  his  duties  have  so  greatly  increased  by  the  growth  of  the  Asso- 
ciation in  every  way,  it  is  necessary  that  he  should  receive  direct  assistance 
from  the  other  secretaries.  To  this  end,  he  respectfully  requests  the  con- 
sideration of  a  plan  by  which  each  Secretary  shall  receive  a  small  com- 
pensation, and  shall  be  required  to  prepare  for  the  press  the  papers  which 
come  under  his  charge.  If  each  Secretary  of  a  section  would  thus  give 
over  to  the  editor  all  papers,  abstracts  and  titles  ready  for  the  press,  an 
almost  endless  amount  of  letter  writing  and  months  of  time  would  be 
saved. 

During  the  past  year.  Volume  27  (St.  Louis)  has  been  reprinted  by  the 
voluntary  subscriptions  to  the  reprint  Aind,  and  500  copies  have  been  re- 
ceived from  the  printer. 

Two  thousand  and  seven  copies  of  the  Minneapolis  volume  were  printed 
from  the  stereotype  plates.  Of  these,  fourteen  hundred  and  thirty  have 
been  distributed  to  members,  twenty-one  copies  have  been  sold  and  two 
hundred  and  sixteen  have  been  sent  out  as  exchanges  and  by  special  order 
of  the  Standing  Committee ;  leaving  three  hundred  and  forty  copies  on 
hand. 

The  statement  of  the  receipts  and  expenses  for  the  year  covering  the 

*The  footings  are  not  correctly  given  at  end  of  list  of  members.  On  p.  Ixvi  for  U91 
read  1520  and  on  p.  Ixxxii  for  1961  read  2082. 
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the  same  correctly  cast  and  properly  vouched. 

Hbnbt  Wheatland,  Audtter, 
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